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FOREWORD

The Naval aviation safety effort is based on the principle that safe operation is a basic function of command, Every
aircraft accident affects readiness to some degree, and with the cost of equipment rising stéadily, the loss of one of
today's firstline aircraft represents a serious loss-to the Navy and to ke wationai economy;

Accident investigation is one of the fundamental elements in any sound program for the improvement of aviation
safety. Conscientious, impartial investigation and accurate reporting of aircraft accidents are essential to-our statistical
recording system, cause and trend analyses, and our overall accident-prevention program. Aircraft accident investigalors
.must._analyze each accident to determine cause factors, adequacy of equipment, suitability of procedures employed, and

the need for corrective action. The analyses, comments, and recommendations of the investigators are Sabtitied via-ifie
chain of command for evaluation to determine steps to be taken to prevent similar occurrences.

The purpose of an accident investigation should be clearly understood in order to yield the greatest benefits. It
is not to assess blame, nor is it solely to establish a single or primary cause factor. Few accidents result from a single
cause. Most commonly, a sequence of events occurs, the elimination of any one of which could have prevented the
accideni. Therefore, to prevent future occurrences, it is imperative that all cause factors be determined. An incomplete
investigation resulting in erroneous conclusions nullifies completely the only possible benefit which could be derived from
a costly accident,

— The investigation of the circumstances surrounding an aircraft accident is @ methodical accumulation of small bits of
formation which eventually form a pattem. The wreckage itself contains valuable evidence which, if correctly identified
+ ¥d assessed, will provide the certain cause factors. All factors, both mechanical and human, must be determined and
heir proper inter-relationship established. Only then can intelligent corrective action be taken.

—

The objective of this manual is to provide sufficlent basic information, under a single cover, to enable an aircraft
accident investigator to conduct a thorough and comprehensive investigation. An attempt has been made to minimize
reference.-to-specific- documents. which change periodically. The current directive governing Navy Aircraft Accident,
Incident, and Ground Accident Reporting Procedures is a necessary adjunct to this handbook. In this manual, where

procedures,” OPNAV

e

INSTRUCTION 3750.6 serles applies.

W. S. NELSON
Rear Admiral, U. S. Navy,
Commander, U. S. Naval Safety Center

i/(ii blank)
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CHAPTER 1

COMMAND RESPONSIBILITY

1-1. COMMANDING OFFICER’S
RESPONSIBILITY.

s

2. Commanding officers of activities and
units operating naval aircraft have a twofold re-
sponsibility in aircraft accident investigation.
These responsibilities are:

1. To appoint the members of the Air-
craft Accident Board.

2. To assure that accident boards per-
form thorough and complete investigations.

1-3. SELECTION OF THE AIRCRAFT
ACCIDENT BOARD.

1-4.  The first responsibility requires the selection
of the most qualified officers available to serve as
members of the board. The Aircraft Accident

“oard, in the case of all aircraft accidents, inci-
ents, flight hazards, and ground accidents that

Zesult in fatal or critical injury andfor destruction
of a Navy aircraft, will consist of at least four
officers, of whom two must be experienced naval
aviators. Of the four members, the senior mem-

~="ber shouid be a naval aviator or navai fiight offi-

cer with wide experience or other qualifications
warranting such an appointment, and he must be
senior to the pilot in command involved; one
member should be an officer well qualified in
aircraft maintenance and engineering; one mem-
ber must be a flight surgeon (a medical officer if
a flight surgeon is not available); and the fourth
member should be the aviation safety officer (a
graduate of an aviation safety officer’s course).
When possible, af least one member of the board
should be an experienced investigator.

1-5. Commanding officers should impress on
the officers under their commands that every
naval aviator is subject to assignment to an Air-
craft Accident Board. Once this assignment is
made, the members of the board, individually
and collectively, become directly responsible for
knowing the procedures and methods used in air-
craft accident investigation. This knowledge
must be acquired before an accident occurs. The
unit aviation safety officer, as a permanent mem-
ber of the Aircraft Accident Board, is responsible
for assisting the commanding officer in assuring
that all officers appointed to the board are cog-
nizant of the contents of the current instruction
governing aircraft accident reporting, OPNAV
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1-6. DESIRED CHARACTERISTICS OF THE
AIRCRAFT ACCIDENT BOARD. The Aircraft
Accident Board member, who shoulders a grave
responsibility, must display extensive knowledge,
determination, and perseverance. A successful in-
vestigation will invariably result in saving lives and
equipment. When the qualifications of members
of the board meet the spirit and intent of the
OPNAYV instruction governing aircraft accident
reporting procedures, the accident investigation
proceeds on a sound basis.

1. Permanency of Board. When possi-
bie, accident boards shouid be permanent organ-
izations made up of carefully selected officers.
The members must function as a team, and the
knowledge and experience of each man should
not be lost through frequent personnel changes.
In certain cases, it will be necessary to organize
an accident board to meet special circumstances.
However, as many experienced accident board
members as possible should be assigned to the
new board. The problem will be unnecessarily
complicated if all members of the accident board
must learn the rules and procedures as well as in-
vestigate the accident.

2. Teamwork. A minimum four-member
board of officers is specified for the investigation
of a major aircraft accident because the details,
complexities, and technical aspects require the
combined efforts of a group of experienced and
qualified officers. Thorough and comprehensive
investigation requires the services of this four-
member team and frequently requires the services
of other specialized personnel. One of the great
values of the team effort lies in the ability of the
team to eliminate suppositions and opinions
through discussions and cross-evaluations. The
effectiveness of the investigation is in direct pro-
portion to the degree of cooperating effort ex-
pended by all members of the board functioning
as a team. The value of the group effort is lost
when the board functions as a team only during
the signing of the aircraft accident report.

3. Quality. Assuming that a commander
has selected his most qualified personnel for the
board, he must then fulfill his second responsibil-
ity - wherein he requires the board members to

make d thorough and compléte investigation. The

commander must insure that thé board is provxdeﬁ i 7

with every assistance during the investigation. It
is mandatory that the board members have suffi-
cient time to investigate the accident. They must
not relegate the investigation to the status of a . '
spare-time, collateral duty. In charging a hoard. e -
with its duties and responsihilities, the commander
must emphasize that only a thorough and exten-
sive investigation, combined with a complete and

concise report, can produce acceptable results.

1-7. REQUEST FOR EXPERIENCED
INVESTIGATORS.

1-8.  Squadron commanders and officers com-
manding small naval aircraft units who are faced:
with a shortage of experienced accident investi-
gators may request such personnel for accident
board duty from the air group, wing, or appropri-
iate superior organization. The quality of acci-
dent reports and consequently the entire naval
aviation safety program benefits when the best
available personnel are employed in accident
investigations.

1-9.  Requests for experienced investigators to
serve on an accident board should be made
through the commanding officer. Experienced
officers should be selected for such “detached”
duty only if they can be permitted to leave their
normal responsibilities long enough to participate
in a complete accident investigation.

1-10. PRIVILEGED STATUS OF
INVESTIGATIONS.

1-11. It is particularly pertinent to note that
aircraft accident, incident, flight hazard, ground
accident, and special aircraft investigations and re-
ports, and the medical officer’s reports of aircraft
accidents, incidents, flight hazards, and ground
accidents can be used only for analysis and stati
tical studies in the prevention of aircraft mishaps®
They are therefore, deemed privileged documents.
As such, they cannot be used as evidence, or to
obtain evidence in determining the misconduct or
iine-of-duty status of deceased or injured person-ves







£9-108-00 HIVAVYN



NAVAIR 00-80T-67

nel, as-evidence to-determine responsibility of
personnel from the-standpoint of discipline, as:
evidence to determine the Tiability of thé govern=
ment for property damage caused by such miss
hap, or as evidence before such administrative
bodies as an aviator’s evaluation board. The con-
tents of an aircraft accident, incident, flight haz-
ard; ground .accident, or medical officer’s report
may not be appended to any other report as an
enclosure or otherwise, uniess the sole purpose of
the other report or document is to prevent air-

craft mishaps.

s mamama Sow

=12, In-many-cascs involving an: aircraft.sccl-

Jent, incident; flight Hazard or ground stcident, &

the provisions of the Manual of the Judge-Adv
cate General (JAGINST 5800.7A). The pu

of this investigation is to-determine the cause of
the mishap and gather pertinent evndence for use

in Tegal, administrative or disciplinaty actions
resulting from the mishap.

separate investigation is-conducted: puisuantto -
v
moib
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CHAPTER 2

THE INVESTIGATOR

2-1. INTRODUCTION.

T3-2.  The aircraft accident investigator is the

‘ _jmerstone of the naval aviation safety program.

~~Tetailed and precise investigations that reveal the

immediate and underlying causes of aircraft acci-

dents depend completely on the judgement, per--

‘severance,-and. integrity .of individual investigators.

2.3.  Effective action to prevent future accidents
cannot be taken unless the true causes of past ac-
cidents are known. Accurate statistical evidence,
based on the reports of aircraft accident boards,

is absolutely necessary to reveal trends in accident
causes and to enable higher authority to remedy
the causes through design changes, operational
procedure revisions, provision of additional weather
and navigational facilities, or other corrective
measures.

2-4. A high rate of aircraft accidents attrib-
“ted to “undetermined” causes can cast suspicion

i 3 the statistical data on accident causes and can

ad to serious omissions in the naval aviation
safety program. Most of the accident investiga-
tion burden still falls on squadron members who
.o not have the benefit of formal training in this
Nesflifficult and specialized task. Therefore, accident

board members must prepare themselves conscien=
tiously and thoroughly for this duty.

2-5.  With the current trend toward more
sophisticated aircraft and aircraft systems, the

cost per accident has greatly increased. The
greater complexity of modern aircraft places in-
creased demands on the knowledge and character
of all investigators, regardless of their training, if
the true causes of an accident are to be uncovercd.

2-6.  The first requirement of self education

for aircraft accident investigation duty is to do it
before an accident occurs. The inexperienced in-
vestigator must realize that the problem of com-
plete investigation will be unnecessarily compli-
cated if he attempts to master the general rules of
procedure at the same time he is conducting an
investigation.

2-7.  This handbook is intended to serve as a
first element in this self-education program, as
well as to provide a reference for experienced in-
vestigators. New investigators should study this
manual immediately after their assignment to an
accident board and use it as a foundation on
which to build a vigorous program to improve
their knowiedge. The best procedure to follow in

2-1
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a self-education program is to study all available
literature on flight safety, past accidents, and the
operation and functioning of naval aircraft and
their equipment, and to observe the investigations
of other units.

2-8. QUALITIES OF A SUCCESSFUL

INVESTIGATOR.

2-9. In addition to following a vigorous self-
education program, each member of an accident
board must possess or develop certain fundamen-
tal qualities to be a successful investigator.

1.  An Open Mind. The ability to re-
frain from making a decision until all the facts
are obtained, sorted, evaluated, and considered is
perhaps the most important qualification an air-
craft accident investigator can have.

2. A Capacity for Hard Work. The in-
vestigation of an aircraft accident requires large
amounts of elbow grease and midnight oil.

3. Common Sense. The requirement
that an investigation be conducted in a planned
and orderly manner necessitates that the members
of the board be endowed with plain, ordinary
horsesense.

4. Integrity. The investigator must be
above influence of any kind from any source and
report the facts that are determined from the
investigation.

5. Faith. The investigator must have
faith in the fact that the cause of the accident
can be determined.

6. Curiosity. The investigator must
possess or develop a strong curiosity it he is to
determine the cause of an aircraft accident.

7. Perseverance. The investigator must
have the ability to ferret out every factor until

the ultimate cause is determined.
f
8. Basic Knowledge. The investigator
should have a broad basic kriowledge of this hand-
book, the field of aviation, and the type of air-
craft involved in the accident. s

3

Figure 2-1. A Quality of a Successful Investigator
/s the Capacity for Hard Work
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9. Tact. The investigator must be tact- is to discover and rcport alt relevant facts so that
£ ful in his contacts with all- of the individuals who. the true causes of air¢raft acciderits can e e~

== are parties {0 the investigation. The natural vealéd -and the knowledge {ised 10 Prevent simmilar
pride-of pilots, crewmen; squadron. mates,.sup- accidents. The new investigator should under:

_~ port personnel, and supervisory personnel some- stand compietely from the outset that the infor-
times results in a reluctance to supply needed mation derived from his work is of a privileged
nformation. Tact and dipiomacy on the part of nature and-can be used only to improve flying

—= thie investigator are Tequircd io-overcome tis eafaty within the military services and in. general
reticence. aviation. Aircraft accident reports carifiot be

used in any legal action that might result from an
o accident. The privileged status of the information
2-10. NONPUNITIVE NATURE OF ACCIDENT acquired and the report is one of the investigator’s. :
INVESTIGATIONS. most important tools in obtaining complete coop- - ;
eration from witnéssés and in determiningthe =~ "
2-11. The sole duty of the aircraft investigator causes of an accident.

2-3/(2-4 blank)
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CHAPTER 3

ESSENTIALS OF A GOOD INVESTIGATION

3-1. QUALITIES OF A GOOD

INVESTIGATION.

Successful investigations have certain essen-
dal features in common. Every investigator must
apply these essentials of good investigation in his
work as well as become familiar with them in
theory.

Promptness.

a. Get to the scene of the accident as
soon as possible, before the evidence is disturbed.
Prevent unnecessary moving of the wreckage.

b. List witnesses for later questioning.

¢. Follow clues while they are fresh.

Thoroughness.

a. Examine all evidence in minute
{etail.

b. Take nothing for granted.
¢. Do not jump to conclusions.

d. Foliow every ciue io the iimiis of

usefulness.

e. Question all witnesses or persons
having knowledge of any phase of the accident.

f. Preserve wreckage or evidence until
the investigation is satisfactorily completed.

g. Operate on the theory that there is
no limit to the amount of effort justified to pre-
vent the recurrence of ore aitcraft accident or
the loss of one life.

3. Organization.
a. Conduct a planned investigation.

b. Lay out logical procedures tailored
to the accident under investigation.

c. Follow each course in a systematic
manner.

d. Avoid hasty conclusions that tend
to limit the scope of the investigation.

4. Accuracy.




NAVAIR 00-80T-67

unaccéptable in an accident report.

7 7b. Statenmients must be verified or sub-
ject to verification.

c. Theories are useful only in the ab-
sence of facts and must be well substantiated.

d. All evidence must be recorded
accurately,

3-3. GOOD NOTE-TAKING. In any one inves-
tigation, the investigator becomes aware of hun-
dreds of unrelated facts. It is obvious that he
cannot resort to memory alone to retain these
points in subsequent reporting. Extensive fiotes
are a must in all investigation work. Each inves-
tigator must develop his own particular methods
suited to his own needs and working procedures.
For this reason it is not possible, nor would it be
desirable, to outline a standard procedure for tak-
ing notes during an investigation. There are cer-
tain basic underlying principles which should be
common to all note-taking procedures and these
will be briefly discussed for the investigator’s
guidance.

3-4.  The investigator will soon discover the
desirability of recording complete notes as the
investigation progresses. In this manner, the note-
taking will not only serve to consolidate his own
thoughts (or possibly suggest new avenues of in-
vestigation) but will also serve as a permanent
record for reference. When the investigation takes
place over an cxtended period of time, it some-
times is helpful to review and consolidate the
day’s notes after the completion of the working
day. The important point to remember is that
the notes should be made when the fact or item
is developed and that one must not trust to mem-
ory to make the note at some later date. Unless
this is done, situations will arise when the investi-
gator will be unable to check out some point or
theory that he had observed or determined earlier
in the investigation. A tape recorder is an ideal
means of recording observations and witnesses®
statements as they are developed.

3-5.  When an investigator arrives at the scene
of an aircraft accident, certain facts are evident.

3-2

Once the wreckage is moved or is transported fo
another location for further examination, addi- £
tionai da‘mage is usually inciirred: 1t is éXﬁ‘éﬁiéiY'
important, theréfore, that adéquate notes be made
during the various phases of invesfigafion so that .
later misleading indications can be explained or £
discarded. The investigator should not rely too %
heavily on photographs, because it often develops
that the desired photograph was never taken or

Ppoor photagranhic techniques have rendered the

picture useless.

3-6.  The investigator should bear in mind that
his report will generally be divided into a factual
part and an analytic part. The notes, therefore,
should ¢ontain information pertaining to éach por-
tion. For example, let us assume that the investi-
gator is making notes on his examination of a
failed wing panel. As factual information, his
notes would include-data on the general overall
damage and the station locations of the various
breaks, tears, and score marks on the skin, string-
ers, etc. In addition, notes would include data on
the type and direction of landing that caused the
failure, the relationship of one failure with an-
other, and whether the overall wing damage was \\/
consistent with all facts developed during the in-
vestigation. Simple sketches can be used to good
advantage in recording the factual data, and num-
bered paragraphs can be keyed to the sketches to
record the analysis or evaluation of the notes. As
analytic information, the notes must include data
regarding a detailed study of the factors involved
in order to determine the solution.

3-7.  ACCIDENT CAUSES.

3-8. A major precept of good investigation is
to consider every possible cause or factor that
may have contributed to an accident. Even if the

one cause, all the factors that led or contributed
to this cause must be revealed and properly cate-
gorized. Whether the apparent probable cause is

available evidence seems to paoint conclugively to

. N - - - - }
mechanical or human failure, it is imperative that

every factor that could even remotely be consid-
ered a possible cause be studied and analyzed.

3-9.  Obviously, this approach will result in

P



more work and will often lead to a prolonged in-
vestigation, a bulky report, and perhaps a degree
of speculation. Nevertheless, this method has
been proved to be sound. All the effort put into
an investigation leads to the accident board’s anal-

sis of the evidence to determine whether possible
.auses are probable or actual causes. Only after
this determination can ail the factors be recorded
in their proper reiationship to the primary acci-
dent cause and appropriate recommendations for
corrective action made.

3-10. The proper classification of cause factors
as “primary” or “contributory” after they have
been revealed by thorough investigation cannot
be overstressed.

3-11. CONCLUSIONS BASED ON FACTS.
3-12. The conclusions of an aircraft accident in-
vestigation must be based on factual information.
A degree of speculation and intuition is often
helpful to an accident board in its effort to fol-
low every possible lead and conduct a thorough

-
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and complete investigation. However, the conclu-
sions of the board must be substantiated by facts,
all of which are contained in its report. The fac-
tual evidence and conclusions in the accident
report must be presented so as to climinate other
possible conclusions and to give a clear picture to
the reviewing authorities.

3.13. If the cause factors cannot be backed com-
pletely by facts, the report musi state this posi-
tively. It is then permissible to list the most
probable causes and the factors which, in the best
judgement of the board. contributed to these
probable causes.

3.14. SIGNIFICANCE OF THE ACCIDENT
REPORT.

3-15. The accident report is the foundation of
the naval aviation safety program. It is the basis
for all accident-rate statistics, which determine
the immediate goals of the safety program. It is
also the basis of preventive action taken to avoid
the recurrence of particular types of accidents.

RIS

Figure 3-1. A Complete Record Prevents Loss of Evidence When Wreckage is Moved
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wiin,

3-16. The responsibility of the investigators who and for the conduct of any investigations assigned
prepare these reports cannot ‘be overemphasized, to the board. He must also insufe that alf mem-<. ¥
and their attitude toward this diity is of exireme Gerswof the board: '

importance.

K3

| o A wem ot bons oo W s i

1. Realize the importance of detailed .~
3.17. The accident report must contdin suffi- familiarity: with directives pertaining to accidentf \
cient information, written in narrative form and investigation and reporting. %

in simple language, to-enable reviewing authorities

15-determine exectly what happened, why it hap- 2. Know the procedures to- be-used.im-
pened, how the investigator determined what hap- fhediately following air aceident and the ohliga-

pened and why, and the basis for recommending tion of board members to visit the scene of the
corrective action to prevent recurrence. accident as quickly as possible.

o 3. Understand the procedures used in
3-18. RESPONSIBILITIES OF THE SENIOR accident investigation.
BOARD MEMBER.
4. Are impressed with the vital impor-
3-19. The senior member of the board auto- tance that good investigation and reporting plays
matically becomes responsible for the training of in the accident prevention program.
members of the board, for pre-accident planning,
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CHAPTER 4

PRE-ACCIDENT PLANNING

4-1. PRE-ACCIDENT PLAN.

4-2.  An aircraft accident board’s pre-accident

. »lan, as the name implies, is the plan prepared by

*~—the board to be initiated on receipt of information

that an aircraft accident has occurred. This plan
is drawn up into a formal document that specifies
the organization to be used during an investiga-
tion and contains instructions for all personnel
who are directly or indirectly concerned.

4-3.  The senior board member is responsibie
for distributing copies of the plan to everyone
concerned with its implementation. He must
make certain that they understand their duties
and are ready to proceed in an orderly fashion if
an accident occurs. It is highly desirable that all
personnel understand the overall rescue and inves-
tigation plan and be familiar with the functions,
capabilities, and limitations of all other personnel
and groups that will participate in the operation.

-4,  Pre-accident organization may differ

" — widely, depending on such factors as type of in-

stallation, operating procedures, aircraft, location,
and mission. Planning must provide flexibility

for periods away from station and on deployment.

~—All aviation safety officers and senior board mem-

bers are responsible to their commanding officers
for seeing that the best coordinated and most
workable pre-accident plan for any given organi-
zational setup has been prepared, circulated, and
kept current. These officers should use tact and
diplomacy in insuring that all essential personnel
and equipment outside their organizations are
prepared to augment the plan, reporting any dis-
crepancies to their commanding officer.

4-5. RESCUE OPERATIONS.

4-6.  Rescue of the pilot, crew, and passengers
in an aircraft is the paramount function taking
immediate priority over the accident board’s in-
vestigation at the scene of the accident. Consid-
eration should also be given to the civilian popula-
tion, further property damage, and the public
interest. WNormally, this is the responsibility of
the crash and rescue organization of the ship or
station. Coordination of the board’s pre-accident
plan with the crash-rescue plan of the installation
must be assured by the senior board member so
that an accident involving both activities will re-
ceive prompt and proper rescue and investigative
action.
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4-7. THE CRASH ALARM SYSTEM.

4-8. A crash alarm Systent is required by order
of the Department of Defense to notify all essen-
tial personnel of an aircraft accident. There are
two components to the crash alarm system, the
primary and the secondary alarm circuit. Stations
on theé primary circuit, which are specified by
reguiation, must be connected by intercom. Theése
stations are: the control tower, crash fire and
crash ambulance stations, and the operations dis-
patcher’s desk. The principal duty of all activities
on the primary circuit is the preservation of life.

4-9.  The aircraft accident board will be tied
into the secondary alarm circuit, which generally
operates through the telephone switchboard and
is triggered through the operations dispatcher’s
desk. The procedures for passing the word
through this circuit are usually determined by
the installation commander.

4-10. DETAILS OF THE BOARD’S
PRE-ACCIDENT PLAN.

4-11. The pre-accident plan of the board and its
parent unit is put into effect immediately on re-
ceipt of the crash alarm signal. To be effective,
this pre-arranged plan must provide for the
following.

1. Notification by an activity on the
primary circuit must be provided for in case a
squadron fails to receive word of the accident
through the crash alarm system.

2. A crash grid map to facilitate loca-
tion of the wreckage is necessary. Such a grid
map covering the airfield and the surrounding
afea for a faditis of more than i35 miies should be
issued to all essential personnel and activities and
kept current as to local road conditions. Delays
have been experienced in the past because drivers
of vehicles proceeding to the crash scene have not
been informed of road repairs, detours, and wash-
outs. Details are of great importance on the grid
map. Landmarks and farms should be identified
in the local terminology to allow crash informa-
tion telephoned from private citizens and the

4-2

local authorities to be translated into directions .
for all militarv personnel.

3, Transportation to move investigative

personnel to the crash scene should be alerted a2 -

cording to the pre-accident plan as soon as the:
alarm is received. Ground vehicles, liaison air-
craft, and/or helicopfers may be required. Severai

P S S JOR R NSRRI SN SR |
VEticles aie-ofieit fiesded  to tfanspourt att- msm-

bers of the required investigative group, and these
are usually formed into a convoy. The convoy
leader should be well acquainted with the roads
in the area, and his vehicle should be equipped

pre-designated point before moving to the crash
area.

4. Wreckage must be preserved for in-
vestigative purposes. Guards should be included
in the pre-accident plan and should move to the
crash scene in the convoy to assure that sight-
seers and souvenir hunters do not pick up or
destroy valuable evidence. Personnel must not
be allowed to move the wrecked aircraft, except
for rescue purposes, until the senior member ¢
the board indicates that the wreckage investiga
is complete or the commanding officer of the in-
stallation orders it removed for safety reasons.
Guards should be equipped with sieeping bags,
rations, and proper clothing so that they may
stay at the accident scené for a prolonged périod.

5. Civilian guards may be employed to
preserve the wreckage if the crash occurs at a
great distance from a military installation. Local
and state authorities are sources from which to
obtain this assistance.

6. A checkoff list of persons and groups
to be notified, containing their addresses as well
&S telephonie nuibers, iy necessary. The checkoff
list should include: the squadron commander,
the safety officer, the members of the accident
board, the chaplain if death is involved, the pu’
information officer, the leading or duty chief,
others as recommended by the board. N

7. The squadron duty officer is the key
man in setting the pre-accident plan into motio




s the responsibility of alerting the persons on
e checkoff list and has custody of all kits and
equipment that should accompany the investiga-
tive party to the accident scene. The duty officer

" uld also keep an accurate log of all events per-
+ ing to the accident.

8. Members of the accident board
should be aware that they are pre-assigned as in-
vestigators of the accident.

9. Specific duties should be delegated
to each investigator so that all necessary duties
wili be performed without duplication of effort.

Fryure 4 7
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10. Potential investigators must be made
familiar with directives and publications that will
expedite their investigation.

11. A general plan for organization of the
investigators and the general procedures to be
followed is necessary. The senior member of the
board must control the investigation, and this is
iniost casily accomplished by pre-arranging the

procedures to be followed.

12. An investigator’s kit must be available
and ready for use (see Appendix A).

13. Pre-arrangements must be made with

Comtusion ut Aceident Scone Lan b Svided by Thorouyh Pre Accident Flannug
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the nearest photographic laboratory to supply a
photographer on scene when required with mini-
mum delay.

14, Reconstruction of the wreckage is a
common practice for hole-in-ground type acci-
dents. It is time consuming and requires valuable
space that is normally used for other purposes.
Parts of the aircraft are -often difficult to identify,
and experienced people will be required to assist
in this operation.

15. An up-to-date list of persons and or-
ganizations able to provide technical assistance
should be maintained.

4-12. PRACTICE RUNS.

4-13. A well-executed pre-accident plan may
well be the difference between the success and
failure of an investigation. Aircraft accidents
have a habit of occuring when they are least ex-
pected and, more often than not, the atmosphere
at the scene is one of excitement, congestion, and
confusion. An investigator, especially if he is a
new member of the board, may find himself with
so many things to do that he does not know
where to start. Important details may be over-
looked if the pre-accident plan is not thorough
and complete. Therefore, everyone concerned
must be familiar with his duties.

4-14. One of the best methods of insuring
board preparation is to have practice runs. Spot
checks should be made to see that all documents,
charts, and equipment are ready for immediate

SPECIAL CONSIDFRATIONS FOR AIR
STATICN ACCIDENT BOARDS.

v 4 odbh

4-16. Naval gir station accident boards must g~
give special-attcntion to accidents.involving trans®
ienit aircraft in the vicinity of the air-station. Cure
rent OPNAV instructions providé that when an
aircraft accident, incident, flight hazard, orgrbi}r"iv
accident océurs at a Tocation where it catnot be
handled expeditiously by the reporting custodiati,

he will request the commandant of the naval dis-
trict in which the mishap took place to assign re-
sponsibility for investigating and reporting the
mishap to the nearest naval air station. The com-
mandant of the naval district may pass this re-

quest to the commander, Marine Corps air bases
(east or west), when the mishap takes place near

a Marine Corps air aciivity.
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4-17. To meet these requirements, every -air sta-
tion accident board must be prepared to make
immediate preliminary investigations when an
accident occurs close to the air station and in-
volves transient aircraft. This action will:

1. Assist the accident board of the re-
porting custodian;

2. Prepare the groundwork necessarygu
the event the reporting custodian requests the
station to convene the accident board;

3. Provide proper security of the wreck-
age and existing evidence.

4-18. It is incumbent on air stations {o have-ait
adequate supply of equipment for issue to guards
assigned to the security of wreckage. This equip-
ment should protect personnel from the elements
peculiar to the location of that station; i.e., sleep-
ing bags of the type required in that climate, tents
if deemed necessary, mosquito netting and repel-
lent, foul-weather clothing, etc. This equipment
should be properly packaged in a central location
for immediate issue. Planners should check sta-
tion special services as a source of this equipment
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CHAPTER 5

ORGANIZATION OF AN INVESTIGATION

5-1. INTRODUCTION.

. ——e

2. A successful investigation of an aircraft
¢cident largely depends on good organization.
Aircraft accident investigation is a specialized job
and, like medical diagnosis, entails a microscopic
search for unknowns. Every factor, however re-
miote or small, must be discovered, weighed, and
considered to reconstruct what actuaily occurred.

1s 14 H i
It would be impossible to accom

this magnitude without good organization and
planning, conscientious execution of the plan, and
preparation of thorough records of each step in
the investigation.

5-3.  Past records indicate that members of air-
craft accident boards who lacked the zeal, ability,
or knowledge essential to organizing and con-
ducting a good accideni investigaiion have failed
to determine the primary cause factor. This in

turn has contributed to a series of similar accidents.

There are basic criteria for the detailed
procedures of investigating, but the methods may
be as varied as the number and type of aircraft
accidents that occur. No magic rules of organiza-

)n and procedure exist that will fit every acci-
dent. Ragically, an aircraft accident investigation

should be organized and tailored to fit each acci-
dent. The board members, however, should fol-
low several general principles that are fundamen-
tally sound as they organize each investigation.
The purpose of this chapter is to highlight these
principles so that they will be used as the founda-
tion for each aircraft accident investigation. If
members of the accident board have thorough
knowledge of these principles and apply them to
the investigation, it will proceed on a well-
organized basis.

5-5.  AREAS OF INVESTIGATION.

5-6. There are three general areas of investiga-
tion that can lead to the determination of accident
causes: material, personnel, and records. The
areas are broad in nature and often closely related
by the various aspects of the accident. The mate-
rial area includes all parts and components of the
aircraft, and any other material factors which af-
fected the accident (such as support facilities).
The personnel areas include all those persons who
were related to, or concerned with, the flight,
such as flight crew, maintenance personnel, con-
trollers, and witnesses. The records area includes
all records concerned with the aircraft and the

5-1
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flight—records such as maintenance, airframe and
power plant records, flight crew and aircraft logs,
training and operationai documents, medical his-
tories of the flight crew, records of radio rans-
missions, efc.

5-7.  When all the areas listed above are present,
the investigation proceeds without handicap, but
there are many accidents in which one or more
of the general areas are not available. From the
preceding information there are two important
principles to be emphasized:

1. The information gained from one
area can be used to substantiate information
gained from another.

2. In the absence of one or more areas
of the investigation which are normally scrutin-
ized, it becomes increasingly important that the
remaining available areas and factors receive addi-
tional emphasis during the course of the investi-

. ;.\_;?:.‘“w“
. - B G

RCRAFT ACCIDENTS,
5-9.  There are many categories of aircraft acc!

dents but for the purpose of organization, the
majority fall into one of the following general

types.

1. No survivors—extreme disintegration
of the aircraft (hole-in-the-ground type).

2.  The survivor type.
3. No survivors or wreckage available.
4. Minor accidents.
Each of the general types of accidents listed above

may be further categorized by the type of failure
precipitating the accident. These categories in-

Figure 5-1. [Investigators at this Accident Scene Recovered Throttle Linkage shown in Figure 5-2.




Figure 5-2. Throttle Linkage Determined to be
Cause of Accident Shown in Figure 5-1

_ clude structural failure, control failure, power fail-
sre, pilot factor, weather, maintenance error, er-

- ¢ »r of other facilities or personnel, etc. Each of
these categories, by their name, indicates the area
and initial emphasis for the investigator.

5-10. ACCIDENT WITH NO SURVIVORS-
EXTREME DISINTEGRATION OF THE AIR-
CRAFT STRUCTURE. This type of accident pre-
sents the supreme challenge to the accident
investigator. Since there aré no survivors, the
position of the controls, configuration of the air-
craft, its attitude, and spced at time of impact,
etc., must be determined from the wreckage, rec-
ords, and witnesses. The following steps are tanta-
mount to thorough and complete investigation.

1. Al witnesses to the accident should
be located. The investigator will be able to find
these witnesses by conducting a house-to-house
-earch in those areas which may have significance

. to location or time.
—

5.  Every piece of wreckage must be re-
covered and inspected by qualified personnel. Sift
‘he dirt from the hole, utilizing a 30- to 50-man

~search party to gather up all the small picces.
Conduct a search along the flight path for paris

NAVAIR 00-80T-67

which may have broker off prior to-impact.
When. the wreckage i_s\’recovcred, the most quali-
fied personnel available should chick tite paris {for

identification, evidence of fire, uniusual Tailurs,

control positions, trim settings, power settings,
fuel system malfunctions, etc. An inventory to
ascertain that all vital parts are present can easily
be accomplistied imm the process of placing parts in
tie airoraft plan form for systematic analysis.

3. Make accuraté wreckage distribution,
flight path, and impact diagrams. Where parts are
very small and widely scattered, the general loca-
tion of the small parts may be indicated by a
shaded area. Location of fidjor components
should be indicated, together with directions and
distances from the point of impact. The flight
path should be determined from ground indica-
tions, witnesses’ statements, and wreckage
distribution.

5. Check all available records. This
should include the pilot’s log and qualifications,
aircraft and engine logs, maintenance discrepancy
reports, flight plan, weight and balance, weather,
and recordings of radio transmissions.

5. Review all operational, training, and
maintenance procedures which could have affected
the pilot or aircraft.

6. Request data on similar accidents
from the Naval Safety Center (see AppendiX G).

5.11. THE SURVIVOR TYPE OF ACCIDENT.
This type of accident may also result in the total
disintegration of the aircraft. In this case there
is a vital witness available who can shed some
light on the series of events leading up to the ac-
cident. The survivor can point out the most pro-
fitable avenues of investigation, the configuration
of the aircraft, control positions, impact angles,
etc. The following steps are a general outline of
the routine to be followed.

1. Obtain complete statements from the
survivor or survivors. These statements must be
as detailed as possible. Then question the witness
after reviewing his statement. Unusual circum-
stances may require investigators to ask leading

5-3
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questions in order fo insure that all pertinient in- accident. The board that fails to solve the causes
formation is included. of minor accidents or recommends-the wrong-corf &
o rective action might well be signing a deain war-
2. The wreckage must bé recovered and rant for another naval aviator. The imporiarnce
inspected in the manner described above. The of thoroughness and diligence on the part of an
wreckage will confirm the survivor’s statements investigator can never be overempliasized.
and fill in any points not covered by his statements.

5-14. TASK ORGANIZATION OF THE AIR-
CRAFT ACCIDENT BOARD.

4, Wreckage distribution, impact, and 5-15. Every aircraft accident board is faced with
flight-path diagrams must be prepared. the problem of separating the variouis investiga-
tive tasks. The senior member of the board has
5. All records available must be reviewed.  the responsibility of assigning these fasks to in-
dividual members. There are many tasks to be
6. Review all operational, training, and performed, and each member may seemingly be
maintenance procedures which could have affected ~ overburdened by this load of duties. Proper or-
the pilot or aircraft. ganization, persistence, and cooperation among
the board members will eliminate this impression.
5-12. NO SURVIVORS OR WRECKAGE. The
accident in which there are neither survivors nor 5-16. The senior board member should endeavor

wreckage presents a difficult problem. In this to assign individual board members to general
case the following steps are mandatory, and each areas of the investigation in which their training
must be thoroughly scrutinized for there is no and experience will be most useful. The task t:j

other source of information available. signments should be made by the senior mem
at the scene of the accident, following the pre-

1. Review all witnesses’ statements. liminary investigation.

N—

2. Interview all personnel concerned 5-17. One system of task organization that has
with the flight of the aircraft. proved successful is listed below, Itdis.important
' to note that this organization may be changed if
3. Carefully study all records, logs, per- another type seems more feasible for a particular
sonal histories of the crew, flight plans, navigation accident.
data, weather data, etc.
1. Operational task group.
4. Study all operational and mainte-
nance procedures which may have affected the 2. Personnel task group.
aircraft.
3. Material task group.
5. Requesi informatiion on sinilar acci-
dents from the Naval Safety Center. 4. Aero-medical task group.

5-13. THE MINOR TYPE OF ACCIDENT. The Each task group may consist of one or more in-
minor accident, because of its nature and results, dividuals, depending on the requirements of the,
should not receive minor effort in finding the particular accident. Each group, however, shoul
cause or reporting the events. Indeed, a minor be headed by a member of the aircraft accident
type of accident may require more work, more board.

time, more substantiating data, and more knowl-

edge to establish cause factors than a more serious ~ 5-18. OPERATIONAL TASK GROUP. The op™~

5-4
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¢ erational task group should be under the direct 5.30. MATERIAL TASK GROUP. Tie nraterial
“="supervision of the senior member of the accident

task group is concerned with the wieéckage and

board. The group has two major functions.

1. It acts as a coordinating group and as
. ecord and information center for the investiga-
“—tion. Members of the other task groups should
keep the operational task group constantly in-
formed of the progress of their investigative work.
This information is used by the senior board mem-
ber to coordinate and direct the accident investiga-
tion. The senior member shouid insure that
information that may highlight avenues of inves-
tigation for the other groups receives wide and
rapid dissemination. This can be accomplished
easily in most cases by a short daily meeting to
review the progress being made by each group.
The senior member should also collect and eval-
uate the reports, data, and statements from all
the groups and organize the paper-work that will
make up the accident report. All information
will then be in good form, ready for the use of
the whole accident board in its final analysis
~ =d evaluation.

—" 2. It performs the part of the investiga-
tion concerning the operation of the aircraft be-
fore the accident. The operations task group
should gather data on clearances, weather, weight
and balance, facilities, procedures, techniques,
communications, and all other information that
might reveal any mishandling of, or trouble
aboard, the aircraft.

5-19. PERSONNEL TASK GROUP. The per-
sonnel task group is primarily concerned with the
questioning of witnesses, surviving crew members,
and all other personnel who may be even re-
motely connected with the series of events lead-
ing up to the crash. These people will provide
the investigator with information concerning what
they actually saw or heard, when, where, and
~ften why. A list of these people may include
ntenance and flight personnel, friends of the
___At, other squadron pilots, witnesses to the
crash, tower and GCA personnel, crash crew, and
others who may have been monitoring the move-
—~eants of the aircraft. For more complete infor-
«ition regarding witnesses, see Chapter 9.

all facts that can be derived from analysis of the
various parts. A great deal of painstaking obser-
vation of details and recording of factual data is
necessary before attempts can be made to deter-
mine how a failure occurred and its relationship
to the accident. Much of this work must be ac-
complished in the region of the accident site. The
remainder should be completed in a well-lighted
hangar or building where the wreckage can be con-
veniéntily piaced for ciosé €xXariiriatiofi, For iiore
complete information regarding witnesses, see
Chapters 7 and 8.

5-21. AERO-MEDICAL TASK GROUP. The
aero-medical task group is involved with a highly
specialized field of investigation, and it is essen-
tial that the flight surgeon direct the efforts of
this group. He will probably be the only individ-
ual available who has the training and knowledge
to investigate the area of human failure and be
able to call in the necessary specialists to assist.
Because human failures are involved in almost all
accidents, it is recommended that this task group
be organized for all major accidents. (Present
evidence indicates that many material failures are
pilot induced or the result of error of other
personnel.) Complete details are presented in
Chapter 11.

5-22. PHASES OF INVESTIGATION.
5-23. It is important to maintain continuity of
thought and effort through the entire investiga-
tion, from the preliminary investigation until the
submission of the final report. This is most read-
ily accomplished by dividing the overall tasks into
phases. The five basic phases of the main inves-
tigation are:

1. Phase I - basic examination

a. Records

b. Support facilities (if involved)

c. Personnel factors
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d. Material factors
e. Aero-medical factors
Phase IT - consolidation of data

Phase III - analysis

Phase V - recommendations

5-24. SEQUENCE. Phases I and II are comple-
mentary and should be handled concurrently. If
the data and information revealed during the in-
vestigation are consolidated and evaluated on a
definite schedule, the basic examinations of the
task groups can proceed more logically. A thor-
ough analysis of the data on hand is necessary if
the interplay between Phases I and II is to be
complete; however, Phase III, the analysis phase,
is not primarily concerned with this type of con-
tinuing evaluation. Phase III refers to a formal
meeting of the complete aircraft accident board
at which the final analysis of the evidence is made.
The last three phases must necessarily be accom-
plished separately and in order. A complete de-
scription of the work to be accomplished in each
phase follows.

5-25. PHASE 1. This phase of the investigation
is based on the requirement for thorough exam-
ination of all aspects of the accident. This entails
a detailed investigation by the task groups into

all factors that conceivably could have influenced
the accident.

5-26. PHASE II. This is the phase most fre-
quently overlooked by aircraft accident boards,
although it is one of the most vital steps of the

. . .
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tigation much factual information has been
acquired and substantiated by charts, notes, dia-
grams, statements, photographs, etc. These data
must be consolidated into usable form as soon as
possible after being gathered. During the consol-
idation, all information must be assembled, segre-
gated, edited, and combined in a form suitable
for analysis. Until this consolidation has been ac-
complished, complete and accurate analysis of the

Nurine tha firet nhaca Af tha invec.
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data is difficult. f‘b‘?

sis, the consolidation-of-data phase also provides
timely knowledge of any missing documents, erF =
rors, omissions, or lack of proof. Once these erro:

and omissions are known they should be remediet
immediately by the investigative task group con-
cerned bafore material proof is lost in the recov-

ery of the wreckage or before important witnesses
ieave the area.

*

5-28. PHASE IIl, The third phase of the inves-
tigation is the analysis of data. A careful analy-
sis of the data compiled during Phases 1 and1i of
the investigation is required to establish the basic
cause of the accident. This analysis should be a
joint effort of all members of the aircraft accident
board. All members of the board must participate
to insure full utilization of the combined experi-
ence and knowledge of the board members.

5-29. In those cases where careful investigation
and analysis does not establish the primary cause

of the accident, the analysis of all available infq
mation will disclose probable causes and possible.
contributory factors. These factors will form a
basis for conclusions and recommendations rela-

tive to the accident. In most accidents, conclu-
sions and recommendations based on probable

cause factors can be highly effective in aircraft
accident prevention.

5-30. PHASE IV. OPNAY instructions require
that the results of the detailed analysis of data be
expressed in conclusions by the board. Each
conclusion reached by the board must be based
on facts that were established during the investi-
gation or, lacking factual cause factors, upon the
most probable causes and contributory factors.

5-31. PHASE V. The basic directive for aircraft
accident reporting procedures requires that the
board submit recommendations for corrective a

tion for every conclusion reached regarding cau )
factors and contributory factors. The effective-

ness of these recommendations in the prevention

of aircraft accidents is determined largely by the
factual data and conclusions on which they are
based. It is in this area that the experience and

N




NAVAIR 00-80T-67

owledge of the members of the board can be alt the relevant facts are uncovered. In orcfer, to
L _jlizéd miost effectively. naintain the privileged status of the invesﬁxgaﬁéﬁ
‘ conductéd pursuant t5-CPNAVINST 3750.6,

5.32. Each recommendation must be the tesult which is intended solely for nsedn accident pre-

~~£ mature deliberation based on factual, or most vention, cooperation with other investigative
# ‘able, causes and conclusions. All factors re- bodies is limifed in the following areas.

“_=ding the recommendation must be weighed
carafully to insure that the recommendation will

1. Testimonial evidence will be obtained
separately. (See Chapter 9)

(-2 EuR S 211 Y

be effective in preventing accidents in the future.

2. sliberations by the various investi-
5-33. PARALLEL INVESTIGATIONS. gative bodies will be conducted independently.

5-34. At the sime tine the aircraft accident
board is conducting its investigation, other agen-
cics of the Départment of the Navy and the Fed-
eral Government may be conducting investigations
of their own. In many cases cooperation among
investigators from these agencies can increase the
cffectiveness of the investigation and ensure that

Aicraft wreckage will not be
released for salvage without
concurrence of all investigative
bodies.

|
4
|
;
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CHAPTER 6

PROCEDURES AT THE SCENE OF THE ACCIDENT

6-1. INTRODUCTION.

Y
. The scene of an aircraft accident can read-

- turn into one of complete confusion unless
the investigator is prepared to take quick and de-
cisive action. If certain well-defined procedures
are followed, the wreckage and the general area
of the accident can be secured and an orderly
and thorough investigation can be conducted
quickly and efficiently. Disorder wiil result and
time will be wasted if the investigator is at a loss
on how to begin or does not understand what
priority to give his various duties. This chapter
presents a general blueprint of procedures to fol-
low at the accident scene and in conducting a
preliminary investigation of the accident.

6-3. OFFICER-IN-CHARGE.

6-4.  Current OPNAYV instructions specify that
* surviving crew members (if physically able to
so) or the first military personnel arriving at
e scene of the accident will take charge until
relieved by proper authority.

5. In many cases, it may be possible for
"Members of the aircraft board to accompany the

crash rescue party to the accident scene rather
than travel with the convoy that follows. The
senior member of the board then present at the
scene should determine who is in charge. Unless

a responsible and competent officer is in charge,
the senior board member present should take
command immediately. He should coordinate the
activities of rescue personnel, investigators, medi-
cal personnel, salvage crew, civil authorities, and
other persons appearing at the accident scene.

6-6. SAFETY OF PERSONNEL.

6-7.  Safety of personnel involved is of primary
concern in every aircraft accident. The officer-
in-charge at the accident scene will ingure that all
occupants of the aircraft are removed from the
wreckage as expeditiously and safely as possible,

using the most effective means of rescue available.

6-8.  Immediate steps must be taken to prevent
injury to personnel from f{ire, explosion of fuel,
cook-off of armament, cjection seat and canopy
charges, and other explosives, and other hazards
present at the accident scene. The most ef-
fective means of providing security in these cases
is to rope off and place guards around the scene

6-1
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at a distance from the ‘wreckage sufficient 1o in=
sure protection for personnel in case of cxplosion
and resultant flying debris.

6-9. OTHER IMMEDIATE DUTIES.

6-10. There are several details that require im-
mediate attention at the scene of the accident
after the requirements for personnel safety have
been met. These details include:

{. If the flight surgeon of hiedical mem-
ber of the accident board is not present, obtain
the necessary medical services, not only for the
purpose of treatment and disposition of the in-
jured but also for the purpose of isolating factual
information on human failure.

2. Secure the wreckage against the haz-
ards of fire and further damage.

WARNING

Operational jet aircraft are equipped
with ejection seats that contain
high-explosive charges. The seat
catapult charges. automatic lap belt
releases, some bomb racks, and
pyrotechnic parachute opeéners

should never be disturbed or tam-
pered with until they have been
examined, disarmed, and declared

safe by qualified armament/EOD
personnel.

3. Insure that the wreckage is not tam-
pered with except to rescue its occupants or to
secure it against fire and explosion.

4. Check the guard detail to see that
members are posted properly and understand their
duties. If the military guard called for in the pre-
accident plan has not arrived. set up a temporary
guard using unengaged military personnel, civil
authorities, or other cooperative citizens. Be cer-
tain that they understand their duties in restrain-
ing the curious, souvenir fiinics afid SCAVENRgETs,
and others who might damage or remove evidence

5. Locate all available witnesses at tht
accident scene immediatcly and record their names.
and addresses. This is one of the most importanis..
steps in the investigation. Evaluation of the Wl
nesses’ statements is often helpful in 1dent11ymg~ -
the areas on which Thé investagation snomt'rb‘é“**
concentrated. Locating and questioning of wit-
nesses should be accomplished as indicated in

Chapter 9.

6. Supervise the work of the photog-
rapher to obtain aerial and ground views of the
accident scene (see Appendix C.)

7. Insure that the message reports of
the accident are transmitted by the reporting cus-
todian or the nearest military base commander in
accordance with current OPNAYV instructions.

8. Estimate the number of men and
any special equipment that will be needed in re-
covering the wreckage.

9. Maintain positive military control
over the wreckage recovery crew to insure that
wreckage recovery operations do not begin until
the senior member of the accident board releases
the wreckage for recovery.

N

6-11. PRESS RELATIONS.

6-12. If the pre-accident plan does not function
properly and the public information officer is not
able to be present immediately, the officer-in-
charge will have to conduct press relations at the
accident scene. The investigator who is unfamiliar
with this task and has littie understanding of the
several techniques used by news reporters to
gather information should be aware of the follow-
ing.

1. No attempt should be made to tel
the reporter what he should write in his story or—"
to restrict him from interviewing civilian witnesses.
Military personnel should be cautioned against

ol
making statements, express:ng "“!!‘.1‘.‘.‘.’15 or givin

out information concerning the accident.




2.  The reporter has been assigned by

is superiors to write a story about the aircraft
accident and he is geing to write one regardless of
what is said to him. A few moments of calm
~onversation with the reporter can usually pre-

1t a great deal of misunderstanding. In most

ses newsmen will understand the truth of the
statement that the accident investigation has just
begun and that it is impossible to make state-
ments with incomplete information. Without
giving the appearance of trying to conceal any-
thing or pass the reporter’s questions off lightly,
the investigator should advise him that the station
and unit P1O’s will have statements as soon as the
exact events leading up to the crash are known.
The release of information on military aircraft ac-
cidents to the news media is governed by regula-
tions. These regulations specify who will issue
news releases. Accident investigators are not
among persons so authorized, but it usually will

Frgue 6-1.

The Semor Member Briefs the Boaru
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help press relations at an accident scene if they
do not quote these regulations as the reason why
they cannot fili reporters in compieteiy on the
accident details. It should be remembered that
the reporter would have a much better story
from a news standpoint if he were restrained or
treated arbitrarily by the military than he would
have from the aircraft accident alone.

3. In many instances the news reporters
arc able to provide a great deal more information
than they receive from the mvestigators. Often
reporters are among the fiist peisons to arrive at
the accident scene and may have talked to several
witnesses before the crash-rescue party arrives.
This fact may not be apparent {rom their conver-
sations, which probably will consist primarily of
questions. In the great majonty of cases the re-
porter will be happy to pass his information along
and give the investigator further assistance in lo-

. B
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cating witniesses if he undefstands the value of
this.effort 1o the aviation safety program.

4. When an accident occurs on nonmili-
tary properiy, the press should be allowed com-
plete freedom in taking pictures, consistent with

unless classified-material is-in-

valvad. Tho nhataceanhaos chatild ha asduicad Af
TYWIrwuls &ll\l Pllu‘uslnl)xl\lx: LILTLLEILY L7 LILE PROWALL "L

the classified nature of the equipment, and it

should be either covered or removed before phof %
graphs are taken. Although no restriction is Y

placed on the photographer, a tactful request Will

usually prevent his use of gruesomé photos.

5. Senior members should insure that {#
are thoroughly briefed-on press:
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CHAPTER 7

PRELIMINARY INVESTIGATION

7-1.  GENERAL.

All members of the accident board should

© *.0 the scene of the accident. After the re-

\q(ired immediate action has been taken, a pre-
liminary investigation should be conducted with
the complete accident board participating. The
members should remain together during this phase
of the investigation and the senior member should
supervise the operation, The purpose of this pre-
liminary investigation is to familiarize the board
with the primary areas of the investigation, gen-
eral aspects of the accident, and salient details of
the wreckage.

7-3.  The results of the preliminary investigation
will determine the general type and extent of the
main investigation and will provide the senior
member of the board with informaticn on which

to base requirements for task groups.

WRECKAGE ANALYSIS AT THE SCENE.
examination of the physical evidence at the
yecfie of an accident should begin with an analy-

sis of the wreckage and the surrounding terrain to
determine how the aircraft crashed. This should
followed by a detailed inspection of all of the

Wréckage to determine causal factors such as mate-

rial failure, malfunction of the engines or of any sys-
tems. The examination of the surrounding terrain,
all objects struck by the aircraft, correlation of
witnesses’ statements, and other evidence will in-
dicate the approximate flight path of the aircraft
immediately prior to impact (see figure 7-1). A
study of the impact damage to the aircraft and

the distribution of the wreckage will suggest the
approximate attitude at the time of impact. The
angle of impact and attitude, plus the wreckage

Appendix B for general procedures for analyzing
the physical evidence at the accident scene.)

7-5.  WRECKAGE PATTERN. A listing of
some of the more frequently found wreckage pat-
terns is provided below. These are the most eas-
ily identified types, but they do not represent all
cases. Each accident must be analyzed on the
basis of the wreckage distribution found at the
scene. Most wreckage patterns will fall somewhere
between these typical patterns, or may be a com-
bination of two or more.

1. Dives Into the Ground. Dives into
the ground at high speed are usually characterized
by wreckage confined to a circular area around a
deep ground scar. In such cases, the aircraft and

7-1
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3. Low-Level Flight. When tite wreckage
is found in a long, narrow distribution pattern, £ :

o

particularly on flat terrain, it indicates a fiat ap- —
proach. This evidence suggests an attempted
forced landing, instrument flight at insufficient
altitude, or buzzing. High speed, which is indi-™~
cated by the engine and other heavy parts havin,.
progressed further along the ground path of the
wreckage, is a characteristic of low-level flight pat-
terns. In the case of reciprocating-engine-driven
aircraft, typical “prop bites™ may be found which

will enable the investigator to compute the approx-
imate speed- of the aircraft.

4. Loss of Control. Loss of control in
the air usually terminates in a spiral. THhis is par-
ticularly true during instrument flight. When the

’ aircraft strikes the ground in a spiral it is usually
Figure 7-1. Power Line Tower Struck by Aircraft in a nose-down attitude with a high degree of
Resulting in Accident Shown in Figure 4-1 bank. This will be identified, in most cases, by
collapse of one wing with corresponding ground
scars followed by cartwheeling and extensive im-
engine(s) will probably be completely demolished. pact damage.
Parts of the wing structure and empennage may
be found near the edge of the crater and the en- 7-6. DOCUMENTATION OF WRECKAGE. 7
gine(s) will probably be at the bottom. In many is essential that the wreckage be thoroughly doc
cases of jet fighter aircraft, these craters have been mented during the preliminary investigation. Oncv ~
found to extend to a depth of 30 or 40 feet. Ex- the wreckage has been moved the photographs
cavating to recover all parts of the aircraft for de- and diagrams made on arrival at the accident loca-
tailed examination in these cases is a difficult tion constitute the only means of reconstructing.
problem. The novice investigator is prone to let the scene of the accident. Any omissions in these
himself become discouraged the first time he sees records may result in the loss of an important
a typical “hole-in-the-ground™ at the scenc of a clue to the cause of the accident. The foliowing
jet aircraft accident. He must remember that per- guidelines should form a basis for documentation
severance and patience must be the order of the of the wreckage.
day and that the cause of an accident is often
found after digging out every part. 1. Establish the extreme limits of distri- .
bution of wreckage.
2. Spins. The easiest pattern to identify
is that left by an aircraft spinning upon impact. 2. Attempt to account for all extremi-
Spin accidents will leave a small concentrated pat- ties and control surfaces to determine whether
tern with the depth of the scar dependent on the structural failure occurred in flight.
type of aircraft and its speed upon impact. Indi-
cations of rotation will be found on the ground 3. Prepare a preliminary wreckage dia-
adjacent to the scar. One wing (toward the inside gram while making notes on the ground scar, &
of the spin) will have taken most of the impact. craft impact angle, and location of the main paln.
The outside wing will show less impact damage of the wreckage. This information must be re-
and will probably be thrown forward. The fuse- corded as soon as possible because the wreckage
lage will usually be broken in several places and may be moved in spite of all atiempts to protect
the empennage will be thrown forward in the di- it. (See Appendix D for details of wreckage diahe
rection of spin rotation. gram preparation.)

7-2




‘ 4. Make a photographic record of the
«ccident scene using as many pictures as required
to fully document the wreckage. (See Appendix
C)

7. AEROMEDICAL CONSIDERATIONS.
«eromedical considerations should be investigated
as indicated in Chapter 11.

7-8. WRECKAGE RECOVERY.

7-9.  The problem of recovery of aircraft wreck-
age can be divided into two different categories,
namely the recovery of wreckage on land and the
recovery of wreckage underwater. Of course,

there are variations in each of these categories when
accidents occur in swamps, mountains, etc. (see
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figure 7-2). Generally, the two principal categor-
ies have definite recovery methods which will in-
sure that all available parts are recovered. Except
in special circumstances. wreckage must not be
moved until released by the senior member of the
accident board.

7-10.  RECOVERY OF WRECKAGE ON LAND.
Recovery of wreckage on land is often a laborious

$anls Fomen A

task. After wreckage distribution diagrams, pre-
liminary inspections, photos, etc., have been made,
the following steps should be accomplished.

I.  Have a search party of from 20 to
40 men, if that number is available, carefully pick
up each part. This work party should be com-
posed of the best qualified men available, properly
equipped with suitable work clothing, cardboard

Figure 7.2 Recovery of Wreckage 1s Often a Laborious Task
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boxces, and gloves. The working party should be
instructed to pick up all parts. Do not let any
member of the working party make decisions as
to which paris to pick up, this is a problem for
the accident investigator. The working party must
be instructed to handle each piece of wreckage
carefully to preserve evidence.

2.  Search back along the flight path for
any parts that may have separated from the air-
craft before it crashed.

3. Care must be exercised to see that all
damage is cataloged before the wreckage is moved
in order to differentiate between recovery crew
damage and crash damage. Members of the acci-
dent board should supervise the movement of the
wreckage in order to prevent unnecessary damage
by the recovery personnel.

4, A complete investigation may neces-
sitate that components such as engines or parts of
the airframe be shipped to a depot maintenance
facility for detailed analysis. Extreme care must
be exercised in removing the assemblies. Wreck-
age recovery is the responsibility of the closest
naval air station, whose equipment may be aug-
mented by local agencies. The nearest Air Force,
Army, National Guard, Reserve Activity, National
Park Service, county agent, or local contractors
can be solicited for assistance; however, if civilian
sources are requested, payment for services re-
ceived must be arranged through the chain of
command.

7-11. RECOVERY OF WRECKAGE UNDER-
WATER. (See fignrc 7-3.) When aircraft wreck-
age is underwater, the problems of location and
recovery assume major proportions. Special facil-
ities are available which may mean the difference
between success and failure. The following steps
will aid in investigations involving underwater
wreckage.

1. Location of the wreckage is the first
problem. This may be accomplished by carefully
plotting the location described by witnesses. An-
other method is to look for oil bubbles, which
often continue to escape even days after an acci-
dent. A third method is by dragging or sweeping

the area using minesweeping equipment, sonar,
MAD gear, underwater TV or photography, or f ;
manned submersibles. Minesweeping activities
have special equipment which is designed for the
location of objects underwater. Station pre-
accident plans should contain information on h'
to obtain services of divers, minesweepers, MAF _
gear, submersibles, and clamshell cranes and other
weight-lifting equipment. When the proper assets
are not locally available or their use infeasibié due
to circuimstances, assistance shouid b fequested
of the Controlling Custodian via the Immediate
Superior in Command, who will normally pass the
request to the Supervisor of Salvage as required
by current OPNAYV instructions. SUPSALV main-
tains a cadre of experts who are available to travel
to the scene and coordinate search and recovery
operations.
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Figure 7-3. Recovery of Wreckage Underwater




¢
1

o~ 2. After the wreckage has been located;
__thé divers should try to skefch the iccation of
identifiable parts. The divers and other recovery
personnel may not have aviation experiencé and
<« *he investigators should extend all assistance and
idance possible.

3. During the recovery operations a
member of the accident board must be available
to supervise, answer technical questions, obtain
photographs, and categorize damage inflicted dur-
ing recovery operations. A proper record of dam-
age sustained during wreckage recovery will elim-
inate confusion in future analysis. The wreckage
should be flushed with fresh water and given a
light oil spray to reduce the effects of salt water
corrosion. Parts to be disassembled should be
placed with the inspection agency as soon as pos-
sible to reduce the effects of corrosion to a
minimum.

7-12. PRESERVATION OF WRECKAGE.

3. Following an aircraft accident the wreck-

.. ¢ & should not be moved or disturbed for a period

of 24 hours unless the wreckage interferes directly
with vital civil functions or essential military oper-
ations (see figure 7-4). In case of bona fide inter-
ference, the commanding officer of the base or
unit concerned is authorized to direct the removal
of the wreckage from the scene of the mishap to
the salvage yard or to an area where there is no
interference.

7-14. When the wreckage is removed prior to
the investigation by the aircraft accident board, it
is the responsibility of the officer ordering such
removal to have an accurate plot of the wreckage
distribution prepared. A photographic record of
the scene of the mishap and of the wreckage, in-
cluding any known material failures, must also be
made before the wreckage is moved.

In moving the wreckage in these cases

. ‘eéiy effort must be made to prevent further dam-

age. A record of any damage to the wreckage
during rescue or recovery must be maintained.

'7fi6. The 24-hour period specified herein is
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necessary to allow time for other agencies of the
Department of the Navy to receive dispatch noti~
fication-of the mishap-and make a decision rela-

five to their interest in condiicting an independent
investigation.

7-17. The senior member of the aircraft accident
board is authorized to release the wreckage for re-
covery on completion of thé irivestigation at the
scenie of the accident. I cases whereindependsnt
investigations are being conducted by other agencies
of the Department of the Navy concurrently with
the aircraft accident board investigation, the senior
member of the board must not release the wreck-
age for recovery until the senior members of the
various independent investigating teams announce
the completion of their investigations at the scene.

7-18. Parts suspected of failure, mechanical
trouble, or inherent faulty design must be wrapped

- in cloth or boxed to prevent loss or further dam-

age. They should be carefully tagged to identify
them in relation to the accident .(place, date, and
bureau number) and in respect to their location
in the aircraft or at the accident scene. The tag
should also contain a brief statement on the sus-
pected relationship of the part to the causes of
the accident so that proper tests may be made on
such parts. Examples of parts to be tested and
preserved as described above are:

1. Landing gear parts silspected of im-
proper heat treatment.

2. Fittings that seem faulty in design or
workmanship.

3. Ruptured plumbing or fittings.
4. Plumbing not properly supported,
subject to excessive vibration, or improperly

annealed.

5. Faulty or suspected wiring, electrical,
or radio equipment.

6. Faulty or suspected instruments, auto
pilots, etc.

7. Defective engines, propellers, or ac-

7-5
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cessories, such as carburetors, governons. super-
chargers, or supercharger controls. fuel control
assemblies, constant speed drives, or ignition
systems.

7-19.  In many cuases of engine failure o1 ~u.
pected engine failure, it will be desirable to obiain
specimens of fuel or oil for laboratory analysi.
Such samples will be preserved in clean containers

(one-gaiion cans) and 1dentified a suggested above.

Give the location at which the specimen was ob-

tained. Fuel and oil samples will be analvzed by

the laboratory for quality and for the presence of
foreign matter, as conditions dictate. toreign

matter found in fuel and oil strainers should be
preserved and anals zed by the luboratory in every
mstance where it seems advisable.

7-20. FIRE DAMAGE.

7-21.  The investigator mnust attempt to deter-
mine whether fire preceded the crash. Witnesses
oficn staie that they observed the aircraft on fire
prior to impact. The investigator should be most
careful in correlating these statements with the
evidence revealed by examination of the wreckage.
Once it is established that the fire occurred prior

Fryure 7-F Preservation ot ieckage by Use of Inflated Budding




~~}o0 impact, the investigator must attempt to locate
the origin of the fire and determine how it
caused the accident. The source of the fire may
frequently be localized at the point of greatest

<~ 4amage or at a point indicating the greatest

nount of heat. A broken fucl or oil line which

- causes a fire can frequently be located by careful
inspection of the damage. Information on a fire
in flight is valuable as a guide to corrections in
design and to the development of fire-warning
and fire-extinguishing systems. Fire {requently
occurs following minor accidents. Information
concerning how the fire started and how it was
fed will assist in developing successful fire-

prevention and fire-extinguishing methods.

7-22. DISTINGUISHING FIRE IN FLIGHT
FROM FIRE AFTER IMPACT. Fire occurs in a
large percentage of major aircraft accidents. An
inflight fire can be detected and distinguished
from post-impact ground fire by observing the
following characteristics.
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Figure 7-5. Broomstraw Effect in Aluminum

caused by slip-stream. The investigator can estab-
lish evidence of fires on the ground by opening
crumpled portions of the aircraft which are
burned. Under these circumstances the inner folds

will be clean and may still retain paint in the ori-
ginal condition. A positive means of identifying
ground fire is to match a burned part of the struc-
ture with adjacent pieces (see figure 7-6). If any
one of these adjacent pieces is clean, the conclu-

1.  After reassembly of the wreckage, it
ill be noted that the components around the in-
g\_,."ight fire area will be burned more intensely than
those burned solely by ground fire.

2.  Fires in the air are very severe; they
burn through the fuselage and wings, heating
large portions of metal into a molten state. Anal-
ysis of the direction of the flow of the molten
metal deposits aiso helps in the determination of
where the fire is located and if the fire occurred
before or after impact. With an inflight fire,
moiten metal will be deposited on the forward
side of rivet heads and other surface irregularities
downstream from the location of the fire.

3. Aluminum parts subjected to shock
(such as occurs at impact) while in a molten state
exhibit a “broomstraw™ effect (see figure 7-5.)

4. The smoke pattern of inflight tire fol-
~ ws the slipstream, and there will be clear spaces
“on the aft side of the rivet heads and skin splices.

5. The smoke pattern of a ground fire
 » Sporadic or in a different direction from that
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sion-can then be made that the burncd: part ‘was
-dueto ground fire,

6. A fair proportion of structural parts
subjected to ground fire generally haveé twigs,
leaves, etc., outlined in the soot or smoke deposit.

7-23. Never assume that the-causes of an acci-
dent cannot be determined because fire has dam-

aged the structure of the aircraft. Fuel, electrical,

‘\leltlU}, @na nyuxau}xv ayawma lllﬂy ll&VG c;uupcu

serious -damage. Valve positions -Cafr usuatlybe =
ascertainéd, and the condition of the fuel and oil =

tanks will frequently indicate whether or not they

contained fluid at the time of the fire. Infortna-

tion as to whether fuel and oil tanks broke, tore#™
or collapsed in the crash is important. Engmes Ln.,
may be. seriously damaged externally by =
while internal failure or defects will not be de-,

tected without disassembly.




CHAPTER 8

MAIN INVESTIGATION

8-1. INTRODUCTION.

°.2. A thorough and comprehensive study dur-
. » this phase of the investigation is critical to the
‘w_Ccess of the aircraft accident investigation since
the main investigation will provide the bulk of
the physical evidence to be used in the analysis
phasc. A great deal of information must be as-
senibled before deciding whether a structural fail-
ure or malfunction is involved in an aircraft acci-
dent. Some of this information must be derived
at the scene. Gther data can be secured only
when the wreckage is laid out in a hangar or
other location where it can be closely examined.
The detailed examination should be made with
two questions in mind. First, did structural fail-
ure occur? Second, if structural failure did occur,
in what scquence did it happen? Most structural
faiturcs in {light have bee
caused by overstress. A common cause of over-
stress is the perfarmance of violent maneuvers or
the attaining of high airspeeds while the landing
r or tlaps are extended.

~

8-3. It is important to locate as many pieces of
the aircraft as possible so that the wreckage trail
~an be determined. Remember that the missing
_ _2ce of wreckage may hold the clue which will

answer the question of which part failed first.
Preparation of a detailed wreckage distribution
diagram as described in Appendix D will insure
that none of these clues are lost.

8-4. The investigator should avoid the tempta-
tion to produce an early conclusion. Allow the
collection of evidence to proceed logically in an
unbiased manner. Be on guard particularly against
the influences of other persons who may have
made snap judgements of cause factors based on
the preliminary evidence revealed by the field
work. Remember that the recommendations
based on a conclusion that a structural failure is
a primary cause factor may result in the redesign
or retrofit of the entire aircraft. Wait until your
investigation is complete before you come to any
decisions.

8-5. AIRCRAFT CONFIGURATION. Of pri-
mary interest to the investigator is the configura-
tion of the aircraft at impact. Knowledge of the
aircraft configuration cnables the investigator to
determine the stresses on the aircraft as well as
the flight mode at the time of the accident. Ex-
amination of landing gear uplatches and the posi-
tion of the landing gear actuating cylinders will
usually reveal the position of the landing gear.




The position of the flaps, leading-edge slats, speed
brakes, wing locks, canopy, and tailhook can usu-
ally be determined by a similar examination. The
detailed study of these parts is greatly facilitated
by the use of operational mock-up trainers (see
figure 8-1). Units such as the Naval Air Mainte-
nance Training Detachments and operational flight
trainers allow detailed observation of aircraft sys-
tems as they are sent through their operational
cycles. Comparison of an actuator from the air-
craft and an actuator in a mock-up will generally
reveal the position of the control surface quite
accurately.

8-6. EXAMINATION OF BREAKS AND FAIL-
URES. Those parts which were found farthest
from the main wreckage should be carefully ex-

amined first, as their location might indicate that
they failed first. Examine each break individua®
to determine which occurred at impact and

which in flight. The breaks that occurred in flight
should be examined with a powerful magnifying
glass for evidence of metal fatigue. This proce”
ure should be continued until cvery break of
every part of the airframe structure has been iden-
tified as either inflight or impact breakage. Do
not overlook any part, no matter how seemingly
insignificant. A failure of a small bolt can lead to
failure or maltunction of vital aircraft parts or
systems.

8-7.  The position of a part of the aircraft in
relation to the main wreckage can often be used
to distinguish inflight from impact failures. Gen-
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erally, if both wingtips are found at the scene of

ff‘%

jxe acci‘dqnfa it may be assumed that both wings
~-were on the aircraft at impact. Likewise, if the
nose section and the empennage are at the scene,
it may be assumed that the fuselage was intact.
" . "esence of the engines. at the scene will clearly
, dicate that they did not leave the aircraft prior
“to impact. Landing gear components, canopies,
and ejection seats should be jocated. Their posi-

gt o¥o el ha ale e lee sermmvslrmoen svers i
110§t TEiative 1o the -main: wrecKags -may be signi-

ficant in determining the type of accident and the

direction of the investigation.

8-8. DETAILED EXAMINATION. The selec-
tion of a suitable place to work, and the assur-
ance that it will be available and well guarded, is
essential in this phase of the investigation. This
area should be restricted and only those person-
nel directly connected allowed entrance. Every
precaution must be taken against disturbing the
wreckage or inflicting additional damage to it.
When the wreckage arrives at the working area,
the investigator should first divide it, as far as
identification of parts permits, into separate sec-

<7 "ans as follows:

~ 1. Fuselage
2.  Wings (each wing separately)
Empennage
ontrol surfaces
Landing gear
Cockpit
Instruments
Radio and radar

Powerplant

Fuel system components (including

Hydraulic system components

Electrical system components
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13. Emergency equipmeit (gjeotion scals,
canopy, &tc.)

8-9. AIRFRAME FAILURES.

8-10. Airframe failures occur in a fairly large
percentage of aircraft accidents. Components that
are a part of the air{tame group, in iclative order
of frequency of failure, are: wings, tailsurfaces,
control surfaces, fuselage, landing gear, and trim
tabs.

8-11. RECONSTRUCTION OF AIRFRAME.
Reconstruction of the entire airframe structure or
significant portions thereof may be necessary t6
determine the sequence of failure. The problem
of reconstructing is essentially that of solving a
three-dimensional jigsaw puzzle in which the in-
dividual pieces have been somewhat distorted. It
is here that the manufacturer’s technical represen-
tative and all other available people with knowl-
edge of the aircraft can be used to advantage in
identifying parts. In addition, parts may be iden-
tified by their construction, color, type of rivets,
matching insignia, or other paint on them. This
tentative identification can be checked by match-
ing the fractures against adjacent pieces. The ac-
tual reconstruction can be accomplished by using
trestles and racks, supporting parts from the ceil-
ing by wires or cables, or by constructing a
“chicken wire” mock-up and attaching the parts.
to it (see figure 8-2). It is here that the ingenuity
of the investigator will be called upon to devise

reconstruction techniques for solving this problem.

8-12. When the parts are properly aligned on
the mock-up, it may be readily apparent that skin
wrinkles on one piece are continued on another,
indicating that the wrinkles were almost certainly
present before the two pieces were separated.
Smicars, scores, tears, paint corapes, efe,, can also
be used to determine origins and sequence of fail-
ures. Good reconstruction will also reveal the
manner in which components struck each other
during disintegration.

8-13. Position of control surfaces at the time of

impact is also important in evaluating the stresses
which may have been placed on the structure of

8-3
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Figure 8-2. Airframe Reconstruction

the aircraft. The position at time of impact can cates that the pilot attempted
be determined by counting the extended threads to cject.
on the jackscrew or the position of the actuator

g the control surface nosition on 2 sister 8-15.

edT LLUAILIVL SLIlAlL UUGILLs HHY H

The cockpit should be thoroughly checked
aircraft or mock-up when the jackscrew or actua- for evidence of fire, smoke, electrical arcing and
tor is in the same position. attempted ejection by the crew. The positions
and readings of all switches and instruments
8-14. Cockpit. should be noted, and, whenever possible, docu-
mented photographically. Switch positions and
instrument readings are correlated with known air-
WARNING craft and flight conditions during the analysis
phase of the investigation. Remove any instru-

ments, radios, or gauges suspected of failure for
ejection seats that incorporate operational checks.

explosive charges. Before en-

tering or working near the cock-

pit, insure that the seats are dis- 8-16. POWERPLANT FAILURE. .
armed or safety pins are inserted

by qualified personnel. Under 8-17. Powerplant failures or malfunctions are

no circumstances should an in- frequently cause factors in aircraft accidents. For
vestigator approach an ejection this reason, it is essential that a careful examina-

seat when visual evidence indi- tion of the powernlant and its associated comno-

MITVVIGLVG VI PU
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by a gas turbine and differ primarily in the method
ifi which they pproduce iisable power, Therefore;
many of the characteristics for turbojet engines:

_nents be made to determine whether they ate
i__invoived as cause factors. 1t is especially impos-
tant to include a negative statement in the report

regarding the powerplant if it is determined that

_— failure or malfunction is not involved. In most

ases a complete teardown of either a gas turbine

_A'_;jé reciprocating engine will not be possible at the
scene of the accident or at the facility conducting
the investigation. Arrangements should be made
to ship the engine(s) involved when failure or
malfunction is indicated, to the appropriatc re-
work facility for a safety engineering investigation
as soon as the invésfigator has learnied all he can
from his examination. The completely equipped
rework facility will be able to confirm or refute
the findings of the investigator and this informa-
tion can then be submitted as a supplement to
the report. Requests for safety engineering inves-
tigations will be made by message to the cogni-
zant systems command agency in accordance
with current NAVAIR instructions to determine
the appropriate Naval Air Rework Facility and
shipping instructions.

18. Whenever possible, a member of the acci-

:nt board should arrange to witness the disassem-
bly of components submitted for examination.
When this is not possible, it is extremely impor-
tant to furnish the rework facility with sufficient
background information concerning the accident
to enable them to evaluate intelligently any evi-
dence disclosed by disassembly. Engine failures
caused by internal malfunction are usually the
easiest for competent personnel to recognize be-
cause the evidence ordinarily is not affected by
impact damage.

8-19. There are two general categories of air-
craft engines: gas turbine engines and recipro-
cating engines. Characteristic failures and investi-
gative techniques for each type of engine are
discussed in the following sections.

20. GAS TURBINE ENGINES.

8-21. The vast majority of present naval aircraft

are powered by gas turbine engines. The class of
as turbine engines includes turbojet, turbofan,
urboprop, and turboshaft engines. All are driven

described in the following section will-also-apply
to turbofan, turboprop, and turboshaft engines.

TURBGIET ENGINES.
8-23. There are two basic types of turbojet en-
gines, namely, the axial and centrifugal-flow types.
The axial-flow turbojet is the powerplant most
commonly used in naval aircraft. Axial-flow en-
gines can be broken down into three main types:
single-rotor engines, which are generally limited
to subsonic speeds; dual-rotor or twin-spool en-
gines, which can be operated over a wider range
of Mach numbers; and single-rotor engines with
variable angle inlet guide vanes and stator blades
in the compressor section and variable exhaust
nozzles, which are another type of high-perfor-
mance powerplant that can operate well into the
supersonic speed range.

8-24. Basic analysis of engine malfunction may
vary slightly for these various types. The investi-
gator should be aware, however, of two primary
characteristics common to all turbojets. They
operate at extremely high temperatures and under
heavy centrifugal loads. These two factors should

| PR dnls H : M 3
always be taken intc consideration when examin-

ing an engine.

8-25. POWER ESTIMATION. It is important
to determine as accurately as possible the amount
of thrust each engine was producing at the time
of a crash. If evidence is found that indicates an
engine was turning at a high rpm, operating at
normal temperatures with normal fuel flow, and
the primary airflow was not biocked by somie
mechanical failure, then the engine should have
been producing a high level of thrust. Methods of
estimating the rotational speed and the operating
temperature for damaged jet engines are discussed
below. Fuel flow can be determined from the
positions of the fuel valves, the condition of fuel
lines and fuel filters, and the quantity of fuel on
board at the time of impact.

8-26. DETERMINATION OF ENGINE RPM.
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Several indications that will assist in determining
rpm at time of impact will usually be found in

axial-flow engines. No single one is all conclusive.

Several indications are usually required to deter-
mine the rpm at time of impact. Even then, it is
improbable that rpm can be determined more ac-
curately than a plus or minus ten-percent.

. .
- 1 wn ~F
8-27. The investigator should be well aware of

the fact that engine breakup and damage is not
the sole criterion for establishing rotational speed.
Great care must be exercised in separating the
damage caused by impact forces from the damage
caused by rotational forces. The amount of dam-
age done as the rotational parts come to rest
varies as the square of the rpm, so that a small
difference in engine speed makes a large differ-
ence in the visible damage. While the centrifugal
forces on the engine rotating parts vary as the
square of the speed, the impact forces do not.
The impact forces, however, cause interference
and damage that weakens the engine parts so that
the total damage to them will indicate a higher
rotational speed than actually existed. Soft FOD,
such as ice, rags, birds, water, etc., may also pre-
sent misleading evidence as to actual rpm,

8-28. High RPM. Indications of high engine
rpm usually include some of the following:

1. Extensive damage to the compressor

Figure 8-3. Compressor Damage at High RPM

2. Compressor rotor and stator blade .
interference with heavy scoring of the casing. ifv *
blade failure occurs over a period of several sec-
onds, there will be evidence of heavy scoring and
peening of the case and blades (see figure 8-4). L
The compressor case may fail because failed [
blades jam up at the rear of the compressor. If -
blade failure is sudden, there will be little evi-

oring and peening (see figure 8-5)

3. Compressor rotor unstacked and/or
turbine shaft sheared. Torsional shearing of the
compressor or turbine shaft is usually caused by a
sudden stoppage of the rotating parts and most
often indicates high engine speeds and large im-
pact angles (angle between horizontal axis of en-
gine and the ground in excess of forty-five de-
grees) (see figure 8-6).

4. Bending of the turbine rotor blades
eighty degrees or more opposite to the direction
of rotation. If impact forces are light, the blades
will rub the turbine shroud smoothly and give a
machining effect. Under high impact forces, the
shroud will be torn and gouged.

5. Large amounts of dirt and other for-
eign matter will be ingested by the engine if it is
turning at high rpm and the impact angle is small.
The foreign matter sometimes passes completely
through the engine, and the compressor and tur-
bine blades usually fail.

8-29. Low RPM. Evidences of low enginc rpm
arc considerably different from those of high rpm
(see figure 8-7). They include:

1. Compressor rotor and turbine blades
can be bent in both the direction of rotation and
opposite to the direction of rotation when im-
pact forces are high and rpm is low (see figure

$8).

2. Compressor blades torn from their
wheels will not be severely battered, nor show
signs of heavy peening and scoring.

3. Turbine and compressor blades may
be “Z’ed” by impact forces and damage to the
blades will not be uniform.
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Figure 84. Compressor Damage at High RPM

4. Interfercnce marks on the compres-
sor casing will not be smooth and probably will
show a chatter effect.

5. There will be little evidence ot for-
eign matter ingestion in the combustion zone and
heyond.

The shaft between the turbine and

compressor wheels probably will be bent by high-
impact force when it is turning at low rpm, rather
*han shearing off as it does under the combination

==0f high impact and rotational loads.

8-30. Twin-Spool Engines. In determining rpm
at impact on dual axial compressor or twin-spool
engines, the foregoing indications apply. There
are two separate compressors, however, each
driven by its own two-part turbine. The compres-
sors 1otate at different speeds and unuenal indi-
cations occur that must be carefully evaluated.
This is particularly true in the case of shallow im-
pact angles and light impact forces. It is not suf-
ficient to examine the N-1 or low-speed compres-
sor and its associated low-speed turbine. The N-2
compressor and turbine may reveal entirely differ-
ent evidence. It is necessary, therefore, to exam-
ine both compressors and turbines and correlate

8-7
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Figure 8-6. Compressor Damage at High RPH

the evidence of rotational damage with impact
angle and case distortion. Impact forces should
be carefully evaluated because the amount of in-

terference caused by case distortion at impact will

determine the amount of rotational damage and
the abruptness of stoppage that will occur at any
given engine speed.

A .
8-31, Varisble m“glc Inlet Guide Vanes and

Stator Blades and Variable Exhaust Nozzles. En-
gines employing variable angle inlet guide vanes
and stator blades and variable exhaust nozzles ex-
hibit the same characteristics as the single-rotor
engine for purposes of rpm determination. How-
ever, the rpm of the engine is not the only factor
in controlling airflow through these engines. The
angle of attack of the inlet guide vanes and stator
blades must be considered in order to estimate

Figure §-7. Fan Damaye at H/gh Compressor RPM

Figure 8-8. Air Conditioning Turbine Damage at Low RPM

the amount of airflow. These angles can be found

by radiophotographing or measuring the blade
actuators.

1. Impact marks on the compressor
shroud left by variable inlet guide vane tips will
sometimes give the angle of attack of the blades




at impact which. in tumn, can be converted to a
specific engine rpm.

2. Depending on the manufacturer, some
fuel controls will retain the fuel flow sctting being
.called for at impact.

3. Measuring the variable exhaust nozzle
actuating cylinder rod extension will give the
nozzle position and possible rpm range.

8-32. DETERMINATION OF ENGINE TEM-
PERATURE. Fused metal on the hot parts of
the engine is the most important clue the inves-
tigator has in estimating the engine operating tem-
perature at the moment of failure or impact. The
pattern or degree of metal fusion in the engine
will often aid in determining the sequence of
events that preceded an accident.

8-33. When molten metal strikes a hot metal

surface, cither fusion or adhesion will result. If
the temperature of the metal surface is above the

Figure 8-9. Metal Fusion en Twhine Rlades
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melting point of the molten metal (see Appendix
1). fuston will occur, and the metal will be de-
posited in a smonth. even layer with the appear-
ance of being painted on (see figure 8-9). If the
metal surface is cooler than the melting point of
the molten metal, adhesion will occur, and the
metal will be deposited in globules which have a
stucco-like appearance and can be scraped off
(see figure 8-10). In aircraft engines, metal fusion
usuaily occurs wien siall bits of aluminum are
scraped from the compressor case and pass back
through the engine. These particles normally will
stick and fuse to the combustion chamber liners,
transition liner, turbine nozzle, turbine buckets,
exhaust cones. and exhaust nozzic.

8-34. If the engine is operating at idling rpm or

above when the particles of aluminum, or a metal
with similar melting point, pass through the en-

Frpue 810 Veta! AMpheosion o Turhine Blades
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gine, a smooth, even fusion fayver will be deposited
on the hot parts. If the engine rotating assembly
is decelerating because of an interruption of fuel
flow or other malfunction, then the hot parts

will be cooling and the fusion will not be com-
plete. The metal particles will adhere in globules
that can be-scraped off. No mctal fusion ‘will
occur if the engine flames out or is shut down be-
fore compressor damage or duct damage occurs.
When fuel flow stops at high speed, the hot parts
cool rapidly. The combustion chamber section
will stay above the melting temperature of alumi-
num for four seconds or less. The heavier tur-
bine blades will remain hot enough to fuse alu-
minum for about ten seconds.

8-35. Many patterns of fused metal will appear
in damaged engines. The following common situ-
ations will aid the investigator in interpreting these
patterns:

1. Normally, inflight compressor failure
will result in large amounts of evenly distributed
fused material. If the compressor casing fails,
however, the amount of fused metal will be greatly
reduced because material escapes through the rup-
tured casing.

2. If a compressor stall occurs, pressure
reversals will prevent some of the metal particles
from passing through the engine and the amount
of fusion will be reduced. Compressor stalls nor-
mally will accompany any compressor section
failure wien operating at low forward speeds and
with afterburner.

3. Metal fusion usually will outline the
position of the nozzle at the moment of failure.
This information is useful in determining the ex-
act power setting.

4. If the exhaust pipe is dented, it is
possibie to determine whether metal fusion oc-

curred before or after impact. If metal is fused
on the downstream side of the dent, then engine
failure occurred prior to impact.

5. Engine temperature at time of im-
pact can be determined sometimes by the condi-
tion of dirt and debris ingested during a low im-
pact angle crash. Wood pulp and dirt may clog

8-10

the cooling air passages in the combustion cham-
bers. If the wood is charred, it can be from heat

in the engine unless there were significant ground% *

fires,

8-36. CAUSES OF ENGINE FAILURE. Inflight._
failure of a turbojet engine is-generally attributabl
to one or more of the following causes: com-
pressor failure, compressor stall, turbine failure,
bearing failure, engine fire, fuel system failure or
malfunction, of afterburner mailunction. Me-
chanical failure of a turbojet engine is generally
catastrophic in nature and a concerted effort must
be made to locate all of the engine parts in order
to accurately determine the cause of the failure.

8-37. Compressor Failure. Axial-flow compres-
sor failure in flight may be .ascertained by several
positive indications within the engine. The most
positive indication is heavy deposits of aluminum
fused to the engine hot parts. These deposits or-
iginate from the scraping of the compressor case
by failed blades. Usually all the stator vanes ex-
cept the two exit stages will be torn from the
mounting rings. The majority of the compressor
blades and stator vanes will be broken into smal!
pieces. These pieces flow aft and jam in the are}
between the outer and inner combustion cham-
bers. The compressor case will usually crack cir-
cumferentially and axially but as a rule will not
break open.

8-38. Compressor-rotor failure in ﬂi‘ght w’ill’ nof

G-bo OX-
hausted forward of the inlet of the engine. A
compressor failure on the ground can cause blades
and vanes to be exhausted up to 100 feet in front
of the engine inlet. Such casting of the blades is
contingent upon the position of the compressor
inlet screens. Differentiating between compressor
failure in flight and failure that occurs after im-
pact with the ground is seldom difficult. Pri-
marily there wiil be only light deposiis of aiumi-
num alloy on the hot sections of the engine when
a compressor failure occurs after impact. The
scoring and gouging of the compressor rotor \\/
spacer rings, while deep, will be few in number
and intermittent around the periphery of the
spacer rings. Many compressor vanes and rotor
blades may be torn from their mounting slots but
will remain in the compressor case.
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8-39. There are five known mechanical causes of

compressor failurc:

z x

ot

i. Foreign objéct ingestion, which is tie
most prevalent cause.

'3

Y 2. Compressor spacer rub, which occurs
when the compressor case contracts rapidly on
flving into a low-temperature zone. The case re-
acts to a sudden temiperature change more
quickly than the rotor and, as it contracts, can
cause the compressor blades to rub its inner sur-
face. This interference gencrates heat that ex-
pands the steel spacer rings and induces a high
stress in them. THhese rings are almost always the
part that fails when compressor rub takes place.
Parts of a failed ring knock out a few blades and
a chain reaction is triggered. The tips of the
stator blades and the compressor ring will be dis-
colored from heat after a compressor rub that
results in failure.

3. Compressor disc rim segment failure.
This can occur if the seals between the compres-
-or wheels and spacer discs are not installed prop-

. ply on an axial-flow compressor. This type of

~—tailure can be both the cause and an effect of

complete compressor section failure. Great care
and skill are needed to determine whether com-
pressor failure originated at the disc rim.

4. Compressor blade fatigue failure. This

is usually the result of a nick put into the biade
by a foreign object or a manufacturing defect

which creates a stress concentration and eventually

will cause the blade to fail.

5. Compressor rotor shift. This is gen-
erally indicative of a thrust bearing failure and re-
sults in almost immediate wipeout of the blades
and seizure of the rotor.

8-40. Compressor Stall. Compressor stalls are
often associated with cold-weather operation.
his type of stall occurs when the pressure ratio

___dcross the entire compressor or across various

stages of the compressor becomes excessive. This

results in air recirculation between stages with cor-

responding loss of compressor effectiveness. Com-

~pressor blade stalling is similar to the stalling of

NAVAIR 00-80T-67

the wing airfoil section on an airéraft.

841. An axial-flow compressor stall can be ini-

duced by allowing too much fuel to enter the
combustion system at any given engine speed.
This results in a high compressor discharge pres-
sure due to excess combustion; the pressure ratio
across the compressor increases, and compressor
stall or pulsation resuits. As airflow across the

fusl control censges
the apparent engine underspeed, the maximum
schedule of fuel is injected in an attempt to hold
engine speed, and resulting exhaust gas tempera-
ture can reach values in excess of limits, requir-
ing removal of the turbine and other hot section
parts for over-temperature damage. Compressor
stall is most likely to occur during throttle bursts
when additional fuel is injected in accelerating
the engine. During a stall, the exhaust gas tem-
perature will usually rise rapidly, aircraft vibration
can generally be felt, together with an unfamiliar
whistling noise or rumble emanating from the
engine.

8-42. Basically there are three types of compres-
sor stalls.

1. Thermal stalls. Thermal stall is used
when referring to an engine failure where the
nozzie diaphragm and turbine buckets are burned
away.

2. Incipient stalls, Incipient stall is a
condition where only a few stages of the compres-
sor rotor are in a fluctuating or full-stall condi-
tion. This situation occurs during throttle ad-
vancement usually in the fifty to eighty percent
rpm range. Such a stall causes the engine to
“hang up” at fifty to eighty percent rpm and the
engine will not accelerate although throttle is in
the full open position. Usually stalls of this type
wiil increase tiic exhaust gas temperature (hot
stall) while the temperature will not exceed that
which is normal during other cases (cold stall).
Incipient stalls are practically impossible to ascer-
tain from the engine wreckage, as only power is
lost and actual physical damage to the engine does
not occur. Test bench flowing of the fuel regu-

lator subsequent to the accident will help to de-
termine occurrence of a stall. The regulator set-

8-1
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ting, to accomplish stall, would have to be on

the correct side. Weather conditions with am-
bient temperaturc below SO0OF increase the prob-
ability of comipressor stall. Such stalls are extremely
rare at higher ambient temperatures.

3. Inherent stalls, Inherent stalls are
those manifested in engines of late design wherein
the pressure ratio across the compressor is so high
that stall must be conirolied by mechanical means,
i.e., variable angle inlet guide vanes and compres-
sor bleed valves. Again there will be no evidence
to assist the investigator in determining if this
type of stall has taken place. A test bench flow
check of the fuel regulator and determination of
the operational condition of the variable angle in-
let guide vanes and compressor bleed valves is

e o . o,

Figure 8-11. Turbine Blade Failures Due to: a) Overtemperature and Centrifugal Forc,

necessary.

843, Turbine Failure. Inflight turbine rotor
failures are a cause of major accidents in turbojet
engines. Three different modes of failure prevail:
bucket failure, broach failure, and turbine disc £
failure. Causes for such failures are many and .
will be discussed in the order of their frequency.

1. Turbiné bucket fafigué with ofné or
more turbine buckets failing at a point outward
from the root platform. Bucket fatigue may be
attributed to the length of service life, vibration,
irregular fuel nozzle flow patterns, hot starts,
overtemperature operation, malfunctioning fue!
controls, foreign object damage, and improper
metal heats and forging (see figure 8-11)
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b) Temperature Stress Rupture, and c) Total Temperature Disintegration
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2. Broach or disc failures are attributed
to-lack of quahty control in fabricating and
broaohmg the turbine uxa», umdoquaw mapCCuG'X
procedures, and extended periods-of overtemper

ature operation. Overtemperature operation is

*due to improperly sét fuel controls, hot starts, in-

«ccurate exhaust gas temperature sensing equip-

- ment, malfunctioning fuel nozzles, and too high

allowable exhaust gas temperature. The never
ceasing requirement to increase the performance
of aircraft places the normal operating tempera-
tures of the engine extremely close to the failure
point. Failure of all the turbine buckets where
the buckets are necked down and portions of the
‘buckets haveseparated is causcd by:

a. Thermal compressor stall where
the airflow through the compressor is restricted.

b. Icing of air-inlet screens.

c. Closing or blocking of the air-
inlet area to the compressor (birds, cloth, paper,

or sheet metal).

d. Engaging the emergency fuel

.._,aystem with the throttle in full open position.

e. Too rapid throttle advancement
when operating on the emergency system (same
or similar to a and d, above)..

. Too rapid throttie advancemeni
when operating early type engines not incorpora-
ting automatic fuel metering systems.

8-44. Bearing Failures. Inadequate oil supply is
the primary cause of most bearing failures. When
bearing failure is suspected, maintenance records
should be carefully examined for evidence of un-
usual oil consumption, for service history, and for
recent periodic maintenance involving the lubrica-
tion system. The oil filter, lines, and seals should
be examined for evidence of leaks, and the main
brication pump and scavenge pumps inspected

__ Jr failure or malfunction. Lubrication jets

should be examined for evidence of misalignment
and stoppage. A thorough knowledge of the lubri-
cating system is required for analyzing particles

~emoved from a pressure or scavenge pump that
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has failed.
845. not difficult
on- disassembly. The failed bearing mll slmw-:eyi,-
dence of severe galling, scraping, and distortion of
both the inner and outer-races; as well as-over-
heating. A bearing failure caused by impact will
reveal little or no galling or evidence of overheat-
ing except in localized areas where large forces
were exerfed. Tn most modern TUrbojet engines
main bearing failure can be expected shortly after
the oil supply is interrupted. Operating life is de-
pendent, of course, on cperating conditions when
and immediately after oil starvation occurs. In
the high-rpm ranges: failure .ocours very rapidly
because most of the oil is used for bearing cool-
ing. Once the flow is interrupted, bearing tem-
peratures rise very quickly. The main thrust bear-
ing is generally the first to fail because it is the
most highly stressed and the most dependent on
oil circulation for cooling. Occasionally other
main bearings may fail before the thrust bearing,
but evidence of damage to the thrust bearing will
be present. On thrust bearing failure a vibration
is felt as the compressor rotor shifts, with simul-
taneous blade interference in all stages, usually
described as a muffled explosion or rumble. The
rpm winds down rapidly to zero. There will gen-
erally be heavy metallization throughout the hot
section as metal fragments pass through the engine.

Detection of bearing failur

8-46.

lack of lubncatlon If the balls, rollexs, retainers,
or races fail, the indications may be similar to those
described above. The failed bearing, however, will
not exhibit the high overtemperature signs of those
failing because of a lubrication problem. They may
be broken and display blue flat spots but will not
be burned and melted as in the case of oil starva-
tion (see figures 8-12 and 8-13).

8-47. Engine Fire in Flight. Engine fire in flight
is usually the result of a malfunction or failure of a
component of a turbojet engine. Fires in flight,
i.e., flame emitting from the tailpipe, can be attri-
buted to compressor failures, compressor stall, fuel
regulator malfunction, fuel nozzle malfunction, and
fuel leakage of the basic engine or afterburner fuel
system.
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Figure 8-13. Bearing Failure Due to Impact Forces
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8—48 Fuel System Failures and Malfunctions. The
Jredommant cause for flameout in flight is the mal-
functlon or failure of the fuel control system. An
electronic fuel control system consists of a com-

—auting section and a metering section. The com-

g1,

‘ting section monitors throttle position, burner

_+essure, engine rpm, and comipressor inlet temper-

ature. This is franslated into a fuel demand that is
relayed to the metering section, which meters the
correct amount of fuel from fuel pump to the en-
gine. The only method of positively determining
that a failure or malfunction of the fuel control
system existed is a test bench flow check at a re-
work facility or manufacturer’s installation.

8-49. Another type of fuel control system con-
sists of a main fuel regulator utilizing an rpm gov-
ernor and a barometric altitude compensating unit.
The compensating unit reduces fuel flow as the
density altitude increases. The rpm governor main-
tains fuel flow contingent upon throttle setting in

order to maintain the desired rpm. As with the
clectronic fuel control system, a test bench flow
check is the only means of determining that a fail-
1y or malfunction existed. There is also a remote
draulic control fuel system in limited use, and
this system also requires a test bench flow check to
ascertain its condition.

8-50. Main and emergency fuel pumps are seldom
a source of trouble. The failures, if any, are usu-
ally manifested in shearing of the fuel pump drive
shaft. Fuel nozzle malfunction is manifested in
burned combustion chambers, transition liners,
and nozzle diaphragm vanes aft of the fuel nozzles
that have malfunctioned. Main fuel regulators, as
a rule, do not cause overtemperature failure of the
hot cection of the engine, The emergency fuel
control can be a prime cause factor in producing
overtemperature of the hot section of the engine,
especially during change-over to emergency opera-
tion with the throttle in the open position and
the engine at a low rpm,or rapid throttle burst
en operating on an emergency system.

Afterburner Malfunctions. The adaption
of afterburners to various engines greatly increases
the accident potential of the aircraft. Afterburner
1its flow approximately twice the tuel as that
supplied to the basic engine. A minutely cross-
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burner fuel lmes, or 1mproperly torqued ﬁttmgs
can be cause for a major fire due to leakage of
the system when subjected to the high fuel pres-
sures and flows required for afterburner operation.
The fatiguing and cracking of the afterburner fuel
system is a greater potential hazard than failure of
the basic engine fuel carrying system. This is due
to the high frequency and amplitude of the vibra-
tion causcd by afterburner operation. Fuel leaks
of the afterburner system are immediate cause for
ground or inflight fires as the fuskds instantly ig-
nited upon contacting the hot combustion cham-
per of the afterburner. Inflight fires of this nature
can usually be ascertained by the condition of the
fuselage metal surrounding the afterburner. The
metal in such cases would be hot-flowing in the
direction of the airflow through the aircraft and
around the aircraft in flight.

8-52. TURBOFAN ENGINES.

8-53. The turbofan engine is basically a variation
of the twin-spool turbojet engine in which one or
more turbine stages are used to drive a ducted fan,
usually located at the front of the compressor
section. Basically, the air passing through the fan
bypasses the combustion process, exhausting from
the engine with a lower amount of internal en-
ergy and a lower exhaust velocity than air l€aving
the turbine. The greater volume of air passing
through the engine compensates for the lower en-
ergy of the exhaust air to produce the same amount
of thrust as a comparable turbojet, but with
lower exhaust velocity and fuel consumption. In-
vestigative techniques for the turbofan are essen-
tially the same as for a twinspool furbojet. How-
ever, the investigator must take into account the
lower exhaust temperatures involved when apply-
ing the characteristics described for turbojets.

8-54. TURBOPROP ENGINES.

8-55. Turboprop engines employ a power tur-
bine to drive a variable pitch propeller, which is
the primary source of thrust. A small, secondary
thrust is derived from the turbine exhaust. The
propeiier is coupied io the engine through a re-
duction gear and a torque sensing system. During
flight, the engine maintains a constant speed,
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called the rated engine speed. Thrust is increased
by increasing fuel flow, with the resultant rise in
turbine inlet temperature producing an increase in

engine torque. The torgue sénsing svstem converts

the increased torque into additional thrust by in-
creasing the propeller blade angle. Investigative
techniques for the gas turbine portion of turbo-
prop engines are identical to those for turbojets
with the exception that engine speed is essentially
constant. Theé investigator must also examine tie
additional mechanical systems incorporated by
the turboprop: the propeller, reduction gear, and
torque sensing system.

8-56. PROPELLERS. When properly correlated
with evidence obtained from the engine, examina-
tion of the propeller can produce valuable evidence
such as revealing whether power was being pro-
duced at the time of impact. The first step in
propeller examination is to account for all blades.
If any portions of the blades are missing, the
breaks on the remaining portions should be exam-
ined with a magnifying glass to determine whether
the breaks occurred in flight or at impact. Evi-
dence of fatigue or tension breaks should be noted
carefully. The next step should be an examina-
tion to determine whether power was being devel-
oped at time of impact. The most typical indica-
tions are as follows:

1. Blades bent forward near the tips in-
dicate high power at time of impact.

2. Blades bent slightly rearward indicate
rotation of the propeller at impact, but low or no
power. This is usually associated with a windmill-
ing condition.

3. Blades bent rearward to the extent
that they have a pattern commonly referred to
as “banana peeling”. This condition indicates pro-
peller was not rotating at time of impact (propei-
ler was feathered).

8-57. The above indications will vary with the
type of accident, and the degree of power devel-
oped. Moreover, the characteristics described will
not always be found in cases where the aircraft is
equipped with a hollow steel blade propeller as
this type exhibits random bending and failure on

8-16

impact. In these cases, the power being developed; .
can be determined by nofing the distance which ~ -
portions of the blades are thrown from the scene

-of the main wreckage at impact, and by careful
examination of the blade breaks.

S

8-58. In accidents in which the aircraft makes
initial contact with the ground with the propel-
lers, and is in a relatively fiat pitch angle witha
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will usually leave characteristic ground scars. These
are commonly referred to as “prop bites.” If
these bites are evenly spaced and there are at

least as many bites as there are prop blades, they
may be used to compute the ground speed of the
aircraft (see appendix F). In this computation,
the assumption is made that the engine is oper-
ating at the rated engine speed, and the ratio of
the engine speed to the propelier speed must en-
ter into the computation.

8-59. To determine the propeller blade angle at
time of impact, first examine the impact marks
which will usually be found on the blade segment
gears and the rotating cam gear. When these

marks have been located, they should be matched.__
and the blade angle reading taken at the blade

angle index.

8-60. REDUCTION GEAR. The reduction gear
couples the turbine shaft with the propeller while
reducing the rpm from the rated engine speed to

+3e 1 11
the norma! propeller speed. The re

assembly also contains the mechanical linkages
necessary to prevent propeller overspeeding. Fail-
ure of this linkage can allow the propeller to
overspeed with the possibility that the blades may
be torn from the propeller hub by centrifugal
force. Should the main reduction gear fail, there
would be no torque transferred from the engine
to the propeller and all propeller thrust would be
iost. Investigators should examine the couplings
between the reduction gear and the turbine shaft
and propeller, as well as the internal mechanism
of the reduction gear whenever failure of this as\__-
sembly is suspected.

8-61. TORQUE SENSING SYSTEM. The torque
sensing system senses changes in the torque trans-_
mitted by the engine to the propeller and compen-




satés for it by varying the blade pitch-angle of the
{__propeller. Failure of this system can cause erratic

thrust and loss of control of the propeller.

52. TURBOSHAFT ENGINES.

]
R

helicopters, The gas turhine engine drives the

e

main rotor(s) and tail rotor through a series of re-

duction gears. Virtually ail of the power pro-

duced by the turbine not required by the compres-

sor is transferred to the rotors, therefore the ex-
haust temperatures and exhaust gas velocities are
practically negligible. With this exception, inves-
tigative techniques for the turboshaft engine are

essentially the same as for turbojet engines. Addi-
tional characteristics of the associated mechanical

equipment are described in the section on heli-
copters (see paragraph 8-91).

8-64. RECIPROCATING ENGINES.
§5. Reciprocating engines are those power-
__sants that employ some type of piston-driven
internal combustion engine to drive a propeller.
Several of the most common symptoms of recip-
rocating engine malfunction and their causes are
listed below for guidance. The fact that several
of these symptoms are similar should forewam
the investigator of the possibility of assigning
wrong-cause factors if a careful physical exami-
nation is not performed. Questioning witnesses
as to the engine sounds they heard prior to im-
pact may also produce vital information for the
investigation.

1. Carburetor Icing. This is usually in-
dicated by a gradual decrease in power, sputter-
ing, intermittenily rou gh d erratic
increases and decreases in power. In severe icing
conditions the decrease in power may be rapid.

nifold pressure and carburetor air temperature
struments usually are the only engine instru-
““ments affected by carburetor icing.

2. Ignition Troubles. These are usually
dicated by intermittently rough operation that
develops into a steady miss, with vibration and

8:63. Turboshaft engines are designed for use in
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loss of power. Some fuel is pumped through the
engine unbumed and causes-afterfiring and rumb-
Ting in thé exhaust system. Engine insiruments
will niot be affected until the condition has pro-
gressed to a serious state.

3. Inadequate Fuel Flow. This is caused
by obstructed or broken fuel lines or running out

creases and decreases in power, and roughness.
Manifold pressure, fuel flow, and fuel-pressure in-
struments will be affected.

4. Rich Fuel-Air Mixture. Intermittent
missing and torching chiaracterize this type of en-
gine operation. Torching shows a long, dull red
exhaust flame at night and heavy black smoke
during the day. Cylinder head temperature will
be below normal shortly after the mixture bé-
comes rich, and after prolonged operation the oil
temperature will read below normal. Manifold
pressure and rpm instruments will show a loss of
power.

5. Lean Fuel-Air Mixture. A lean mix-
ture will cause detonation, preignition, and back-
firing. It brings on a loss of power and finally en-
gine failure. Engine temperature instruments will
read above normal. Manifold pressure and rpm
instruments will show a loss of power.

8-66. PRELIMINARY INVESTIGATION OF
RECIPROCATING ENGINE FAILURE. The in-
vestigator should conduct a comprehensive exam-
ination of the engine to determine fairly obvious
causes of failure or malfunction before deciding
to ship it to a rework facility for a safety engi-
neering investigation. However, care must be
taken not to disturb or destroy evidence that
may be used by the rework facility in their de-
tailed and expert examination. The aircraft ac-
cident board should insure that the capabilities of
the squadron or unit are not exceeded when and
if it is decided to examine some internal compo-
nents or accessories. The preliminary investiga-
tion should include:

1. All sump plugs, magnetic and other,
for foreign material which might indicate plug-
ging of oil lines or internal engine component
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{ailure; and preseivation of the oil for further ex-
amiiation if necessary.

2. All spark plugs for general condition,
cleanliness, proper gap, condensation, and evi-
dence of detonation.

3.  Carburetor for presence of gasoline
leaks in housing, fuel filters, position of throttle,
and mixture controls.

4. Ignition system for harness and wir-
ing coidition and position of switches.

5. Oil system for dirt or chemical con-
tent of filters, loose connections or fatigue fail-
ures of lines, oil content, and cleanliness of tanks.

6.  Fuel system for items similar to those
listed under 5 for oil system, plus position of fuel
selector valves,

7. Hydraulic system for cleanliness of
fluid and broken hoses, filters, and loose connec-
tions.

8. Engine controls so that their position
and condition can be noted.

9. Combustion chambers to determine
if any of them had not been firing and was coated
with oil or heavy deposits.

8-67. The investigator can gain valuable infor-
mation concerning events just prior to impact by
a careful study of the propellers. Except in cases
of the most extreme impact damage and disinte-
gration, the propeller governor head wil usually
be found sufficiently intact 5 yiold valid resuits
when a bench check is conducted. This check
will reveal the rpm for which the pilot had the
propellers set (see paragraph 8-56 for a descrip-
tion of investigative techniques for propellers).

8-68. If the aircraft struck the ground with a
shallow impact angle, there may be propeller
ground scars which can provide additional infor-
mation. If the distance between “prop hites” ig
measured, then either ground speed or engine
Tpm can be calculated (see appendix F) if one of

the two giiantities is knowm.

8-69. SYSTEMS FAILURES.

évs <
8-70. The complexity of the systems in méo,_dglii_:f B
aircraft amd their relationship to each other have ™

resulted in failures, malfunctions, and improper
operation by the pilot. All of these have been
identified as cause factors in major accidents.
Their complexity further subjects them to failures
when they are improperly maintained. For tliese
reasons, the investigator should be sure that he
has included a careful examination of all systenis
on the aircraft as a part of his investigation. Each
accident will present its own problems and the
extent of the examination will be determined on
the basis of the circumstances involved in each
case. The inspections outlined in the following
sections, however, are considered the minimum
and should be conducted in all cases.

8-71. FUEL SYSTEM.

8-72. DETERMINATION OF FUEL ON BOARD~—
The first thing which should be determined re-
garding the fuel system is the amount of fuel on
board at fime of impact. This may be done in

avaral
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I. Measuring the amount in the tank, in
those accidents in which the tanks are intact.

2. Noting fuel in the area adjacent to
the wreckage and the type of tank failure, and es-
timating the amount on board. When all breaks
in the fuel tanks are inward or crushed. the indi-
cation is that they were empty. If the breaks are
outward, the indications are that they were rela-
tively full,

3. Noting the indications of the fuel
gages in the cockpit. There are two types of ele
tric gages in use on aircraft, and their indications\
are entirely different. The autosyn, or resistance
type, returns to either zero or “full”” when the
electric circuit is broken by severing of the wires
at impact. For this reason, no constructive evi- -
dence can be gained from their indication. The




Belsyn, or rotating gear type; remains in whatever

—’posmon it was in prior to the severing of tiie

N 4
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wires, and ifs indications are usually reliable.

Investigation of the records and in-
.views with servicing personnel should reveal
- the amount of fuel on board at time of takeoff.
By utilizing this information, together with the
known facts regarding duration of flight, cruising
altitude, cruising thrust, and cruising rpm, the in-
vestigator can calculate how much fuel should
have been on board at the time of the accident.
Discrepancies may indicate either engine malfunc-
tion or improper fiei Maiagement.

8-73. FUEL VALVES AND CONTROLS. The
position of the fuel selector valves will usually in-
dicate which engines were being fed from which
fuel tanks. Evidence revealed by examination of
these valves is usually reliable as they operate in a
rotary direction and, unlike components which
operate in a fore-and-aft direction, are not af-
fected by impact. The position of fuel valves

~ay also reveal whether a single-engine aircraft

> had a forced landing accident that was caused

;-as'/ fuel starvation as a result of running out of

~ 1.

fuel or fuel starvation as a result of fuel misman-
agement on the part of the pilot. Fuel pumps
and the fuel control system should be bench
checked to determine whether they were opera-
ting properly at the time of impact. Failure or
malfunction of these componenis could also lead
to fucl starvation or engine malfunction.

8-74. FUEL CONTAMINATION. In any acci-
dent where fuel contamination by foreign mate-
rial or use of wrong fuel is suspected, a sample of
the fuel should be taken for detailed laboratory
analysis. As a guide in determining whether a
wrong type of fuel has been used, see Appendix
I for identification colors of aircraft fuels. This
is the only method of determining fuel types by
isual inspection in the field. Detailed analysis
detcrmine exact specifications must be made

4 a properly equipped laboratory at a rework
facility. Examination of the remaining compo-
nents of the fuel system should normally include:

All fuel lines from the tanks to the
combustion chamber for loose connections, cor-

rosion, foreign material and fatigue breaks.

%, Fuel pumps fo-detsrming gperation
at time of impact. Rotation at time of impact
will be indicated by rotational scoring-of the pump
vanes or gears (depending on the type of pump)
and the pump housing. The most common cause
of pump failure is a broken pump drive shaft.
Failure of the shaft can be identified by a forsion
break, usually accompanied by evidence of metal
fatigue.

3. Fuel filters for foreign material or
evidence-of chemical reaction: If either of these
is found, reseal the filter and retain it for labora-
tory analysis.

4, Preflight fuel samples for contamina-
tion. Laboratory analysis will be required to de-
tect contamination of fuel in the sample taken
before the flight, since any visible contaminants
would have been discovered when the sample was
taken.

8-75. HYDRAULIC SYSTEM.

8-76. The items menticned under fuel systems
regarding lines, filters, and pumps also apply to
the hydraulic system. In addition, it should be
remembered that on most aircraft, the flight con-
troi sysiem is hydraulically actuated. 1ii these
aircraft, the utmost care must be given to the
hydraulic system. The maneuvers being performed
prior to the accident may point to hydraulic
flight control system malfunction. Most aircraft
have at least two independent hydraulic systems,
each capable of operating the primary flight con-
trols, so a failure of one system would probably
not cripple the aircraft. Therefore, the investi-
gator should study the system carefully. He
should determine exactly what kind of a mal-
function could produce the flight condition en-
countered, and then inspect the system to deter-
mine whether that malfunction occurred.

8-77. A large percentage of malfunctions of hy-
draulic flight control systems are believed to be
caused by foreign material (see figure 8-14). For

tuating cylinders and filters should

8-19
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Figure 8-14. Slider-Valve Failure Caused by Improper Plating

be most carefully examined. Also, the methods
employed by maintenance personnel in cleaning
filters and protecting open hydraulic lines from
contamination during repairs shiould be carefully
evaluated.

8-78. Examination of specific components of
the hydraulic system should be performed in ac-
cordance with the following guidelines:

1. Hydraulic Pumps. The drive coup-

ling of the pump should be checked for failure.
A battered and somewhat polished appearance of

8-20

fracture surfaces of a sheared coupling indicates

that the coupling failed while the pump was in  § 3

operation and the driving source continued to op-
crate. If the fracture surfaces are clean and other-
wise undamaged, the pump and driving source
were fiot rotating at the time of failure, and fail-,.f

ure most likely occutred at impact. X

2.  Accumulators. Check the position
of the piston relative to the air and fiuid-ends of

the cylinder.

WARNING

Hydraulic system accumulators
should be handled with extreme
care due to their high internal
pressures.

The position of the piston can be related to the
sequence of loss of hydraulic and air pressures in
the system.

3. Pressure Regulators and Relief Valve
These components should be checked for positio
and settings at the time of impact and, if discrep-
ancies are found, bench checked to determine if
they were operating properly.

4. Selector Valves and Actuators. Posi-
tions of these components will indicate the air-
craft configuration and flight attitude at impact.

5. Filters and Plumbing. Check for evi-
dence of leakage, corrosion, chemical reaction, or
contamination. “B” nuts should be checked for
proper torque. Torque on the nuts can be stress
relieved by impact or fire damage; therefore, a
nut must be backed off more than one-half tumn
to provide a reliable indication that it was im-
properly torqued.

6. A hydraulic fluid sample should be
taken as soon as possible on arrival at the accidel

scene. This sample should consist of at least 100 g

milliliters of fluid, one sample from each system.
These samples should be sent to a properly

equipped laboratory and examined for foreign .
matter, water, and chemical reaction.




8-79. ELECTRICAL SYSTEM, 5.
N
8-80. Recent studies of aircrafi accident reports
indicate that an increasing percentage of accidents
~—re attributable to electrical system failures. How-
» er, the usually inadequate coverage of the elec-
—rical aspects involved. in such accidents is indica-

All recoverable wiring, to determine
witether -short circuits, cuitent -oveitoads; -or -other
potential overheat causes-existed prior to impact
When wiring is found to have fire or other inter-
nal overheat evidenceé present, it should be sub-
mitted to the appropriate agency for laboratory
analysis. This analysis can often reveal whether

e

tive of the inability to keep abreast of design
trends. The design, operation, and mainténance
of the electric power system in naval aircraft has
many facets. In some aircraft, it is merely of
auxiliary importance, in others the safe control
of the aircraft is directly dependent upon elec-
tric power.

8-81. A considerable portion of the accidents
which occur that involve malfunction or defective
material are not due entirely to defective material
or to personnel errors at the working level, but
can more properly be ascribed to difficuities as-
sociated with the distribution and dissemination
of technical and operating information within in-
dividual commands. Examination of the electri-
ral system should include but not be limited to:

1. All electrical switches, for evidence
of malfunction and for recording of position at
time of impact. It should be borne in mind that
switches operating in a fore and aft direction are
highly subject to movement by impact, and their
position should be carefully correlated with other
evidence before a definite conclusion is reached
regarding the position prior to impact.

2. Circuit breakers, to determine their
position prior to impact and the relation that pos-
ition may have with other evidence. Note that
the position in which the circuit breakers are
found is an unreliable indication of their position
prior to impact. The investigator must look for
other means of verifying their position, i.e., evi-
dence of arcing or burning at the circuit breaker
panel or elsewhere in the circuit.

3. Installation of terminals for improper
“splices or terminals being used, creating a high
resistance and resulting in overloaded circuits.

4. Electrical insulation for evidence of
breaking down due to chafing.

the heat originated from an external source or
from the wiring itself as a resuif of a short or
overload. The wiring should also be examined to
determine any potential overheat sources caused
by improper routing or clamping.

6. Diligent searcir for any evidence of
electrical malfunctions which may have caused
other systems to malfunction. It should be re-
membered that fuel, hydraulic, and other system
components are electrically operated on many
aircraft.

7. All electrically operated. units, such
as starters, generators; and motors, to determine
whether they were rotating at the time of impact.

8. All terminals and breakers in wires
that were torn apart at impact, to determine if
current was passing through the system at the
time of impact. This can usually be determined
by evidence of arcing.

9. Functional check of trim tab switches.
Maifunction of these swiiches can causé funaway
trim tabs with resultant uncontrollability of the
aircraft.

10. Inspection of the instructions set
forth in the NATOPS Manual for adequacy as a
guide for appropriate steps to be taken if electri-
cal failure is a factor.

11. Inspection of the electric power dia-
gram in the NATOPS Manual to insure that a
clear and concise guide for emergency operation
of the electric power system exists.

12. Inspection of other squadron and/or
air station aircraft of like type for peculiarities of
electric power controls that tend to make proper
system control more difficult.
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13. Inspection of routine pierentee
measures employed for ascertaming correct opet-
ation of the clectric power system.

14,  Inspection of hght bulbs tor evidence
that they were on at impact, It the tilament ot
a light bulb is heated and the bulb v then wub-
jected to shock, such as ocours at nmpact, the
filament will be stretohed and distorted (see iy
ure 8-15). This can provide valuable intormation
as to whether any emergency or warning highis

were lit prior to impact

15. Inspection of clectncally driven
back-up flight control system, on those ancratt
so equipped, to determine whether the motor was
in operation prior to impact. Activation of back-
up systems is indicative of mam and/uor sevondaiy
hydraulic system failure.

87 EADIOACHVE TUBES. Certain jet en-
gine - uee spanhegap tubes that contain radioactive
nraterial Phese tubes contain radioisotopes of
aranium. 1t the spath-gap tubes are broken, they
prosent an nternal heaith hazard, Uranium, to
b constdered a health hazard, must physically
enter the bodv,  This may be accomplished by
mhalation, ingestion. or allowing contaminated
maternals to touch an open wound such as a cut
of scrateh, Uramum s primarily an alpha particle
cimtter and ther tore does not constitute an ex-
teindl radiation hazard because alpha particles
travel only o fow centimeters in air and generally
do not penetrate the outer layer of skin.

s 83 Under normal arcumstances, only skilled
persomnel will work on the ignition unit, and
these mdividuals should be thoroughly familiar
with the proper method of handling radioactive
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~~materials. Anyone who handles engings or air-
*__raft parts, however, should also be-aware of the
presence of a tube containing radioactive material
and exercise caution whenever any doubt exists.
-~ Innecessary handling of any potentially hazardous
t v terial is unwise.

8-84. It should be understood that there is no
danger of radiation in normal handling of these
engines or ignition units, If the spark-gap tube

is broken, however, all safety precautions for
handling, storage, and disposal of such radioactive
material should be observed. If it is not certain
whether a particular engine has this spark-gap

be contacted so that whatever safety procedures
are required to handle these unifs safely may e
set up.

8-85.

8-86. The complexity of the automatic flight
control systems in modern aircraft, and the small
quantities of fluid involved in their operation,
makes them highly susceptible to malfunction or
failure (see figure 8-16), and this system has been
determined to be a cause or contributory factor

Figure 8-16. Flight Control Slider Valves—Very Susceptible to Contamination




in a number of accidents. In the stability aug-

ientation mode, an antomatie flight control. sys-
tem (AFCS) acts to-damp out -oscillations of the
aircraft about the pitch, roll, and yaw axes by
slight movements of the control surfaces. In the
auto mode, the AFCS will maintain aircraft head-
ing, attitude, altitude, and Mach number. The
AFCS can be ovériidden by the pilot by move-
mient of the controf stick. Depending on the sys-
tem a pilot override will either disengage or in-
terrupt the AFCS. Malfunction of the AFCS can
be caused by malfunction or failure of the hy-
draulic, electrical, or fuel systems, and can result
in the pilot’s.inability to override the system in
an emergency. Examination of the AFCS requires
technical assistance from a NARF or the manu-
facturer, and the investigator should limit himself
to noting the positions of all switches related to
the AFCS to determine if the AFCS was in oper-
ation at the time of impact and all switches were
in their proper positions.

8-87. Some aircraft also incorporate an approach
power compensator system which is used to main-
tain a constant average angle of attack during ap-
proaches to landing. Malfunctions of this system
are especially serious since the system is used dur-
ing a critical phase of flight.

8-88. Some helicopters employ automatic stabil-
ization equipment which provides attitude and al-
titude stabilization as well as automatic approach
and hover capabilities. Since helicopters are in-
herently unstable, failure of this equipment can

result in loss of control of the aircraft.

8-89. EMERGENCY SYSTEMS.

8-90. Although emergency systems are not often
found to be subject to maifunctions that can be
assessed as either primary or contributing cause
factors to an accident, locating and making cor-
rective recommendations fo eliminate malfunc-
tions can often make an important contribution
toward the saving of lives. For this reason, every
possible effort should be made to determine
whether or not use was made of any of the fol-
lowing systems, and whether they were function-

ntiafant
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i. Oxygen System. Check the oxygen
converters for quantity of liquid oxygen afd in-
sure they are free of contamination. Check 0XV-
gen lines, valves, regulators, and masks for évi-
dence of leaks, corrosion, and contamination. s

2. Canopy. Check hinges and latches “\
for evidence of failurc; inspect canopy jettison

system to-determine if an attempt was made to

jettison the canopy.

3. Ejection Seat (see figure 8-17).

WARNING.

Ejection seats contain explosive
charges which can cause fatal in-
jury and serious damage to equip-
ment. Investigators should insure
that ejection seats are disarmed or
safety pins inserted by qualified
personnel before beginning their
examination.

Seats should be carefully inspected to determine
whether an attempted ejection occurred before .
impact. If this is the case, the seat and its ex-
plosive charges should be examined by a cogni-
zant rework facility to determine the cause of

the malfunction. Check the following compo-
nents of the seat for failure or maifunction:

a. Emergency harness release handle.
In many aircraft, actuation or malfunction of
this mechanism may interfere with proper ejec-
tion seat sequencing.

b. Primary and secondary firing
mechanisms, drogue gun, and main charges for
proper installation.

c. Time release mechanism, baro-
stat, “G™ controller, inertial reel mechanism, and
leg restraints for proper operation.

d. Oxygen bottle for proper charge.

Parachute.




8-91.

“G”-Suit, “G”-Valve, and Pressure

Pressure Suit.

Life Raft.

HELICOPTERS.

IAV/AL
- e

nn
v

8-92. Investigation of helicopter accidents pre-
serits some unique problems to the investigator.
With the slower flight speeds and different modes
of flight involved, helicopter wreckage will seldom
conform to patterns described for fixed-wing air-
craft (see figurc 8-18). There are three main
types of crashes involving helicopters.

1. Autorotation. When a helicopter
loses power from its engine, the rotor can be dis-

Figure 8-17. Ejection Seat Failure
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Figure 8-18. Helicopter Loss of Power at Low Altitude

engaged from the reduction gear, allowing the
helicopter to descend in controlled flight. If
the power loss occurred at a high enough altitude,
the windmiiling rotor will produce sufficient lift
to slow the helicopters’ rate of descent to slightly
higher than normal. This type of emergency
landing is known as autorotation and will gener-
ally result in relatively minor damage to the
airframe provided the pilot adheres to proper
procedure.

9. Dives into the Ground. This type
of crash generaily resuils in extensive damage to
the airframe. The major causes of these accidents
arc inflight structural failure of the main rotor
mechanism or airframe, resulting in loss of flight
control, or from loss of power with insufficient
airspeed or altitude to affect an autorotative
landing (see figure 8-19).

3. Rapid Rotation About Vertical Axis.

This type of accident is peculiar to single-rotor
helicopters and is the result of a failure or mal-

8-26

function of the tail rotor. Damage to the heli-
copter is dependent on the airspeed and velocity
at the time of failure, and can vary anywhere be-
tween the extremes of the autorotation and dive-
into-the-ground accidents.




!"‘3:93, Present naval lelicoptérs. employ turbo- produced by the main rotor, and directional con-

"\"imft pQWEl:platLL Investigative tcchniques are as rol is maintained by varying this thrust. Thc in-
desctibed: in paragraph-8-62. There are additional  vestigator must cxamine the linkages between the
factors involved, however, due to the complicated

flight controls.and. the main and tail rotor control
( . kage system involving the engine, main rotor assemblies for mechanical failure or malfunction.
\ d tail rotor. Since the main rotor provides both

“<Tift and thrust, the rotor control mechamsm must 8§94,
aiiow tiie biades ihrée axes of frocdoi, 1:8., e
blades must be able to move up and down, for-
ward and aft, and change angle of attack. The

esugauve techniques involving Tuel, hiy-

Retammmmmee mes mes.

'u'ri'xunb, cicctricat, and SmErEency ayazvxxxa s-i143
identical with those for fixed-wing aircraft to
whatever extent the helicopter is equipped with

tail rotor provides thrust to counteract the torque these systems.
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CHAPTER 9

WITNESSES

9-1.  DEFINITION.

~-2.  For the purpose of investigating an air-
ft accident, the term witness is a general
4 .

—rm referring to those persons who may be con-
nected, even remotely, with the accident. The
witness may be the surviving pilot or member of
the crew, or those personnel who were responsible
for maintaining, servicing, scheduling, and control-
ling the aircraft on the ground or in flight. It also
inciudes persons wiio are not direcily connccied
with the operation of the aircraft, but who actu-
ally saw or heard some portion of, or a series of,
events leading up to and including the actual acci-
dent as well as recognized experts in a given field
when brought in to provide technical data, theory
of system operations or to give opinion on specu-
lative postulations which the board may wish to
explore. Manufacturer’s field representatives
would be exemplary of the latter.

INTERVIEWING WITNESSES.

9-4. To obtain maximum cooperation from a

witness, it is important to explain the privileged

tatus of his statement. The aircraft accident re-
o1t that is submitted in accordance with the cur-

ATVAY A XY

rent OPNAY instructions governing aircraft acci-

dent reporting can be used only for accident
prevention purposes. The purpose of this privil-
ege is to insure full disclosure by the witness of
all facts pertaining to the accident of which he has
knowledge. It is generally necessary to explain
that the accident board is attempting to deter-
mine the cause of the accident to prevent a sim-
ilar occurrence in the future and that the state-
ment given the board will be used in no other
way. Frequently an aircraft accident requires an
investigation pursuant io the provisions of the
Manual of the Judge Advocate General (JAGINST
5800.7A). This investigation may be conducted
at the same time as the aircraft accident investiga-
tion. If other Federal agencies are involved, rep-
resentatives of these investigative bodies may also
be conducting their own investigation. As a con-
sequence, witnesses may be interviewed by per-
sonnel from several investigative bodies. The fact
that these interviews are held separately is confus-
ing to the average witness and a lack of under-
standing of the difference in constitution and
purpose of these separate boards may lead to a
reluctance to cooperate fully with the aircraft ac-
cident investigators. Every effort should be made,
therefore, to acquaint the witness with the specific
and limited purpose of the aircraft accident board,
and of the strictly limited use that will be made

P mobian
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9.5. TYPES OF WITNESSES.

9-6.  Witnesses are divided into various categot-
ies as follows:

1. Expert Witnesses. Technically quali-
fied persons who may be called upon to give their
opinions upon any technical questions arising out

of the accident,

2. Eyewitnesses. Persons who actually
saw the accident or saw anything relevant to the
subject miatter of the investigation.

3. Other Witnesses. Persons wiio speak
of any fact which is within their own knowledge
and has relevance to the accident or the
investigation.

9-7. IMPORTANCE OF WITNESSES.

9-8.  The importance of witness testimony can-
not be overstressed. Witnesses’ statements and
physical evidence go hand in hand in determining
the cause of an accident. Each may complement
or clarify the other.

9-9.  The evidence obtained from witnesses
should be as complete and detailed as possible. It
should not be confined solely to the moment of
the accident and the subsequent events but should
cover all matters preceding the accident that may
have any bearing on it. Pertinent matters prior
to the accident include the maintenance of the
aircraft, personal stresses that may have effected
the performance of the flight crew, etc.

9-10. Investigators should bear in mind that
statements that may be available immediately fol-
lowing an accident may be difficult or impossible
to secure from witnesses or participants at some
later time. It is therefore important that all wit-
nesses be interviewed and their complete state-
ments taken as soon as possible after the accident.

The information elicited may help keep a pilot

alive in the future or save very valuable equipment.

9-11. LOCATING WITNESSES.

9-12. Witnesses must be located and interviewed

9-2

as soon as possible. Evaluation of their state-
ments may tell the investigafor the particuiaféf&'ﬁﬁ
in which the investigation should be concentrated,
and by this means conserve the time and energies
of the entire investigating team. ' )
F
9-13. It is usually reasonable to assume that %
spectators and sightseers who are at the scene
when the invéstigator arrives heard or saw some- :
fhing that attracied-thcir attention-to-the alreraft -
and brought them to the scene. Talking to these E
people immediately on arrival may give the inves-
tigator information regarding the flight of the air- -
craft prior to impact. Also, from the sounds these
people heard, he may be able to determine whether ]
engine failure or other malfunction occurred prior -

to impact.

9-14. Efforts to locate witnesses should not be

confined to the actual scene of the accident. It i

may happen that a person many miles from the

wreckage has some relevant information to give.

This is especially applicable in cases of suspected

engine or structural failure, weather accidents, and

fire in flight. Evidence of smoke, fire, low flyinr

unusual maneuvers, erratic engine operation, strt

tural failure, and loss of control may be obtained~—

from observers along the route flown who were

not necessarily witnesses to the actual crash. A

normal amount of effort may reveal witnesses to

important events along the course of the flight

where the trouble initially started. The crews of

other aircraft in the vicinity at the time of the

accident may be particularly helpful in establish- -

ing actual weather conditions. The pilots of other

aircraft and airways communications stations may

also be helpful in relating transmitted messages of . !

vital importance. l
{
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9-15. Bear in mind that statements taken from

witnesses located immediately after the accident,

before they have time to cofiipare storics with .-
other witnesses, are often the most reliable. Get ‘
a statement, even though a brief one, from all

witnesses as soon as they can be located. The

witnesses can always be visited again, or called bh -

fore the board at a later time if additional infor-

mation or clarification of their statements is

needed. However, the human mind has the tend-

ency to fill gaps in recollection with logic and thw_

longer a witness has to reconsider the events, the




'

-

“~iote unconsciously logic-tainted his testimony
“—will be.

' 9-16. Local police and news reporters can often
helpful in locating witnesses. These people,
jticularly reporters, are interested in interview-
“ing witnesses, and it is quite possible that they
will have found some witnesses having valuabie in-
formation before the investigator arrives.

9-17. INTERVIEWING TECHNIQUES.

9-18. Interviewing witnesses is one of the most
important aspects of an investigation, and it is
often one of the most difficult. This task may

be facilitated by an understanding of some of the
basic techniques of interviewing. Key factors in
these techniques are: validity, reliability, purpose,
planning, consideration of language used, use of
pauses, and the knack of getting the subject to

do the talking.

. 1.  An interview is valid to the degree
it the information gathered is a true account of

-—uie actual circumstances as they occurred. Valid-

ity will suffer seriously when the investigator is
inept in his interviewing techniques and elicits in-
formation that is not related to the real circum-
stances. The best advice in this regard is stick to
the point.

2. The reliability of the interview is an-
other point that must be considered. An inter-
view is reliable to the degree that the same infor-
mation obtained in the first interview will be
obtained in subsequent interviews.

3. The unplanned interview tends to be
a spontaneous give-and-take beiween two pcople.
The low reliability of the unplanned interview
may be raised substantially by systematic planning
weforehand. Planning should be in terms of gen-
| areas rather than in terms of a prepared list of
~ _aestions. The areas into which the interviewer
should plan to direct his inquiry will be deter-
mined by the purpose of the interview. Area
~lanning has the following advantages: it elimi-
ates the tendency of the person being inter-
viewed to answer yes or no to a prepared list of

NAVAIR
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specific questions; it facilitates sticking to the

business at hand and preverits getting into-discus- _
sions of irrelevant subjects; afd the intervicw is - g
less stilted and rigid. The fewer the questions,
the less the interview seems like an inquisition.

4. The interviewer should do as little of
the talking as possible and have the interviewee do
most of the talking. Interviewing is an art, not a
science; therefore, it takes experience to keep the
interviewee talking. One of the most effective de-
vices for keeping a person talking without a direct
question from the interviewer is the puase. The
pause is best employed followiiig an assertion by
the interviewee. Research has shown that pauses
as long as 10 to 40 seconds may be used effec-
tively.

5. Taking copious notes during an inter- '
view interferes with the flow of information and I
adds to the length of the interview. The best {,
procedure is to use a tape recorder during the in- 1
terview and transcribe the witness’ statement when i
it is convenient. If there is no tape recorder avail- f
able, or if the witness seems hesitant about talk- |
ing into a microphone, an alternate procedure is |
to take as few notes as possible during the inter- ]
view, filling in the planned areas immediately after ' :
the interview. ‘

9-19. ADDITIONAL INTERVIEWING PRO-
CEDURES. In interviewing witnesses, the foliow-

Figure 9-1. Eyewitnesses Provide Valuable Accounts
of Accident
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ing suggested procedures may be heipful.

1. It should be-emphasized to the wit-
ness that he should speak only of matters within
his personal knowledge; that is, what he, himself,
saw or heard, and not hearsay evidence.

2. The witness shouid begin by giving
his or-her narie, address, vecupation, and aviation
experience, if any, and, in the case of children,
his or her age.

3. Witnesses should be encouraged to
tell in their own words all they know about the
accident. Do not attempt to put words in their
mouths.

4, While they are giving their stories,
they should not be interrupted except to prevent
them from going off into irrelevant matters.

5. After a witness has finished, questions
should be put to him to clarify doubtful points
which may arise on his statement, but questions
should not be phrased in such a manner as to
suggest the answers.

6. The use of highly technical terms
when asking questions of a witness who may have
no knowledge of aeronautics should be avoided.

7. A witne
most courtesy at all
coercion avoided.

8. A witness may be able to express his
statement better by sketches than words. Such
sketches are acceptable as clarification of his
evidence.

S. Whenver a witness refers tc maps or
photographs, they should be identified in his evi-
dence or statement by reference to exhibit num-
bers, and the points mentioned should be identi-
fied, both on the map or photograph, and in the
statement or record of evidence.

10. A transcript should be made of the

tape recorded during the interview or of the notes
taken by the interviewer, and this transcript will

9-4

comprise the witriess' statement. Since this states .
meéiit cannot be used in any legal action, the wit--
ness’ signature is not required.

=

9-20. INFORMATION FROM EYEWITNESSE

9-21. Witnesses who observed or heard the air-
craft just before ite crach should he asked for the

following information when interviewed:
1. Time of mishap.

2. Local weather, particularly d_irection
and strength of wind, visibilify, rain, sleét, snow,
or ice, thunder, and temperature.

3. Everything seen and heard of the air-
craft in question and other aircraft in the neigh-
borhood at the time, i.e., altitude, direction and
attitude, unusual maneuvers or circumstances, etc.

4. DPosition of bodies, relative to the
crash and evidence regarding use or attempted v-
of ejection seats and/or parachutes. {

.

5. Dropping of flares or firing of lights.

6. Fire in the air or after impact; the
time factor should be considered.

7.  Whether anything, believed to have
come from the aircraft, has been found lying
apart from the main wreckage.

8. Description of articles seen falling
from aircraft.

9-22. CORROBORATION.

9-23. It is particularly important that evidence

of eyewitnesses should be corroborated, since a
witness may be honestly mistaken as to what i
actually saw. It is valuable to obtain the evide%v,
of witnesses who were located at different vantage
points in order that a clear picture may be given.
The evidence can then be compared and any

widely divergent stories can usually be detected \_
and investigated further. The evidence of children




- is often valuable, but particular care should be
( :J taken in their cases to secure corroboration. How-
the validity -of their -statemgntﬁ -estahliched during
= the course of the-investigation.
-
I

9-24. EVALUATION.

9-25. Wiitn a number-of ‘witnesses interviewed:

have given divergent stories of the accident, the

witnesses’ statement must be compared to find
- where the preponderance of evidence lies. This
evaluation is best performed by listing the main
points regarding the accident, such as heading,
speed, altitude, unstable motions, signs of fire,
falling objects, etc, If the testimony of the vari-
ous witnesses is then listed beside the main points,
a clear picture is quickly obtained of the majority
view of what occurred just before the crash.

9-26. QUALIFYING WITNESSES.

ever,. all witnesses’ statemente should. he taken and

NAVAIR 00-807-867

9-27. It is just as important to qualify witnesses
properly as it is to.obtain their tgstxmony. In
general, vounger men. and. bovs.aré. better witnes-

ses because their knowledge of, and interest in,

aviation enables them to-understand and: describe
airplane maneuvers -more accurately than. their eld-
ers. Proper evaluation of testimony can be made
only if the witness’ aeronautical experience, or

lack of'it, is accurately evaluated by the investi-
"gaidn s

9-28. Many times it is helpful if the witness is
asked to mark his points of observation on a map
or sketch and refer to the exhibit number in his
testimony. Use of airplane models can aid wit-
nesses in describing the aircraft’s attitude just .
before impact.

9-29. Following an interview, it is entirely ap-
propriate for the investigator to note on the state-
ment of the witness his own opinion of the credi-
bility of the witness and his reasons for believing
or discounting the information presented.

9-5/(9-6 blank)
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CHAPTER 10

RECORDS

can, in general, be divided into groups to conform

10-1. INTRODUCTION.
to the suggested organizational groups.

2. One of the most important aspects of con-
.cting any type of investigation is the accumula-

3 fon of data and information. This is especially

g true when a board of naval officers is preparing
an aircraft accident report that contains valid con-
clusions and considered recommendations that
will enhance a vigorous, Navy-wide safety program.
When the board arrives at the final phase of the
investigation, which is the analysis of all informa-

- tion that has been gathered by the assigned task 1.
groups, every possible bit of information that may
be pertinent must be considered. 2. Weather ‘

10-4. OPERATIONAL RECORDS.

10-5. The operations task group should search
for and review all records that dealt with inflight
progress, procedures, conditions, and operating
factors. Some of them are listed below:

0 b i ot

Flight plan

10-3. One of the most fertile sources of infor- 3. Mission briefing {

mation that should be fully and conscientiously
explored is records. Even when the investigator is
faced with a situation in which the wreckage is
lost at sea and there are no survivors or witnesses,
a thorough revicw of all records will enable him
arrive at valid conclusions concerning the most
Jbable cause of the accident. When record an-
“~—atysis does not reveal a causal factor, it will high-
light general areas in maintenance or operations
that may be beneficial to the safety of other oper-
. Jions. Even though certain records may be com-
Yiion to several pliases of the investigation they

4. Navigation aids
5. FAA ARTC records
6. Weight and balance records

7. Tower transcripts

8. GClI station records

9. Clearance records
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10.

H.

Refueling and servicing records

Flight schedule

10-6. PERSONNEL RECORDS.

-
i0-7.
PRy S JUPUIEp'S Sy

"I ARIITTLRIR

TR

Tt is necessary to gatiier aii possibie infor-

-aal8d - o tenesnwdlacd o bo forewens
€ -witk-enable-the-investigaior to kitow

as much about the flight crew, their training,
techniques, background, capabilities, and limita-
tions.as possible. Some of the more important
information that must be obtained from the rec-
ords is listed below.

10-8. PILOT AND COPILOT.

1.
NFO

Name, MOS, date commissioned NA or

2. Age

3.

4.

Date entered service

Date released and recalled to active

duty if reserve pilot

5.
aircraft
6,

chacknnt

Date of NATOPS qualification in

Formal training in aircraft prior to

. Squadron lectures attended

. Primary duty assignment

. Collateral duty assignment

. Total pilot hours

. Pilot hours last 30, 60, 90 days

. Pilot hours in type last 30, 60, 90 days

. Instrument hours last 30, 60, 90 days

. Night hours last 30, 60, 90 days

16. Total jet hours
17. Typeof instrument card-held
18. Expiration.of instrument card.

19. Total time-in type

10-9. OTHER CREW MEMBERS.

1. Crew position

2. Formal training for crew position

3. Experience as crewman

4. Recent-experience as crewman
10-10. MATERIAL AND MAINTENANCE

RECORDS.

10-11. In the field of aircraft accident investigatic
a great amount of information is available to the
vestigator in squadron maintenance records. In a
accidents, it is imperative that these records be re-

viewed. This is especially true when material fail-
ure or systems tnalfunction is suspected.

10-12, POWE
1. Last periodic inspection
. Date of last periodic inspection
. Time since last inspection
. Engine(s) model and serial number(s)
. Total hours
. Number of overhauls
. Hours since last overhaul

. Overhaul activity

ecord of engine bulleting incornorated

=23 LR 21 - - -r




10. Engine bulletins and service changes

orated
Serial work orders-ouistanding

. Yellow sheets

. Preflight inspection sheets

. Periodic inspection sheets
10-13. AIRFRAME. The airframe log books and
records should reveal the following information to
the investigator,
1. Date-of acceptance by Navy
2. Number of overhauls or PAR’s
. Overhaul activity
. Time since last overhaul or PAR

Date of last inspection

© g . Service changes and bulletins out-
standing

7. Serial or work orders outstanding
8. Preflight inspection forms

9. List of pilot discrepancies from yellow
sheets of previous flights

10-14. OTHER RECORDS. These pertain to air-
craft, maintenance, and service procedures:

1. Oxygen
Kadio
Refueling facilities
. Parachute

Ejection seat

. AEROMEDICAL RECORDS,

NAVAIR. 00.80T-87

10-16. As the complexity of military flight oper-
ations.increageg; there js.an increacing awareness
©f the invalvemiént 6f aefomédical aspastsin.ae-
cident investigation. While this.is the domiain 6f
the flight surgeon and is one-of the-major reasons
he is assigned to the aircraft accident board, the
senior member should acquaint himself with the
aeromedical factors in general and insure that the
wsigned fligin surgeon imy the fuii cooperationof
all the members in receiving and making use of
his specialized knowledge that will make for a
complete investigation in this area. Some of the
records that the flight surgeon will review duting

the investigation are;
1. Flight crew medical-record
2. Oxygen training
3. Ejection seat training
4. Night vision training

5. Personnel records to establish social
and economic relations and other personal factors.

10-17. WEATHER RECORDS.

10-18. In general, such items as temperature, dew
point, humidity, cloud cover, and visibility at the
time and place of ths accident will bs includedin
cvery accident report. They should be recorded
regardless of the apparent effect on the accident
in question. In weather accidents, all available
weather information which is pertinent will be
furnished with the report, together with the
weather officer’s signed analysis of it. His analy-
sis should also explain if the weather was as fore-
cast, and, if not, the reason for the discrepancy.
In every case where it appears that inaccuracy of
weather forecasting is a factor in the accident, all
considerations should be given in detail.

10-19. When pertinent to a particular investiga-
tion, weather maps, weather sequences, synoptic
charts, upper-air observations, pilot reports, eye-
witness accounts, and statements of survivors
which show the weather throughout the flight

constitute impaortant evidence. When thece aids
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aré not available for territory adjacent to the ac-
cident scene, fairly reliabie weather information
may be-obtained from local weather bureau ob-
servers, forest lookouts, forest rangers, fire war-
dens, highway patrolmen, or local residents. In-
formation thus obtained may be coordinated with
the authentic information from the local weather
office in thie preparation of required statements:

10-20. ANALYSIS OF RECORDS.

10-21. When records are beirig reviewed by the w._
assigned task groups, it will b~ diffieult to_comles ¥
all the data that may ‘be periinent 1o mmmn_y— It
will oftentimes aiso be difficult o have the: 62‘25-
inals of all the records availablé at oné time an#=-
place to review when the board is in fornmal s

sion to arrive at the conclusions and recominen=—""
dations. It is suggested that the information and

data extracted from the records be comprehen-

3

i

sively compiled and integrated-as much as possibie
prior to the analysis phase. This. will enable the
board to refer to-the data with ease and -accuracy.
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CHAPTER 11

AERO-MEDICAL

11-1. FLIGHT SURGEON'’S INVESTIGATION.

11-2. OBIJECTIVE OF FLIGHT SURGEON'S IN-
. VESTIGATION. The primary purpose of the flight
surgeon's participation in an aircraft accident investi-
gation is to determine and weigh the importance of
human factors invelved in the aircraft accident. This
will necessarily involve a thorough and detailed in-
vestigation of the pilot from the biological and soci-
ological standpoint, investigation of the effective-
ness of the protective equipment, clothing utilized,
and so forth. The majority of aircraft accidents
involve a breakdown of one or both of the two
complex machine systems working together; the
aircraft and its systems or the pilot and his systems.
The flight surgeon is responsible for the investiga-
tion of the latter in its entirety. Since this job
involves investigating a much more complicated
machine. his task is very difficult.

11-3. The flight surgeon, through his specialized
training, contributes a Key part to the delibera-
tions of the aircraft accident board of which he

" is a member. The very same close observation
and attention to details which are constantly
stressed throughout a flight surgeon’s education
and enable him to establish a diagnosis in a diffi-
cult medical or surgical case are the identical ones

which must be brought to bear on every accident
to determine similar etiological factors. Accident
investigation is essentially a difficult differential
diagnosis problem. The painstaking detail in-
volved in attempting to evaluate the physical,
emotional, training, or human engineering design
factors underlying the majority of aircraft acci-
dents cannot be overestimated. Their ultimate
exploitation will depend on the ingenuity of the
accident board flight surgeon. Attention is di-
rected to tlie acromedical section-of the Aviation
Safety Officer’s Guide for additional information
regarding the role of the Flight Surgeon in aviation
safety.

11-4. The statistical data compiled at the Naval
Safety Center clearly indicates the “human ele-
ment” as being that area in which the greatest
contribution can be made toward reducing air-
craft accidents. Approximately 50 percent of otir
present accidents fall within this group. A major
responsibility for accomplishing a reduction in

the number of accidents within this category rests
with the flight surgeon, since this type of accident
deals primarily with those factors in which he has
received the greatest amount of scientific and pro-
fessional training. He is, therefore, capable of es-
timating the performance efficiency of the human

111
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machiine and the role it has to play.

11-5. ‘The successful accident investigatioti i§ the
result of the completely integrated feam effort of
the accident board members with a pooling of
their specialized talents and abilities. It involves
pathological and material laboratories, photog-
raphy; interrogation of witnesses, detailed inves-
Haation. of the scene, a reconstmiction of the en-
tire situation, and so on. Each piece of evidence
must be carefully weighed and its contribution
proven or disproven, until the entire picture of
the accident is recreated and the causal factors
exposed. The specific cause can and must be
found for every accident if lives and monéy are
to be saved. While it is relatively easy to assess
the importance of a failure in the electrical sys-
tem in a single accident, it is at present difficult
to similarly assess, from reports, the importance
of the pilot’s reactions in an accident situation.
However, if real progress is to be made in deter-
mining the role of pilot factors such as these and
many others similarly related to pilot efficiency,
they must be thoroughly investigated and reported
in each and every accident.

11-6. PRE-ACCIDENT PLANNING. Of prime
importance is insuring that the necessary medical
equipment is available for answering a crash alarm.
The following questions should be answered priocr
to a crash:

I. Does the station crash bill clearly set

forth the responsibilities of the medical department?

2. Does the medical facility have a crash
bill?

3. Is the medical facility placed on an
alert basis and is it prepared to receive injured or
dead shortly after the c¢rash alarm has heen
sounded?

4, Is the ambulance driver aware of his
position in the crash vehicle convoy? Is he famil-
iar with the grid map and routes to the various
outlying areas?

5. Does the crash ambulance contain
the necessary material such as an emergency treat-

11-2

ment bag, pathology kit containing syringes for P

drawing blood samples, storage containers.and
Shlppmg -containers for Glocd and: txss‘d“, rubber-
ized remains pouches, personal effects bags, blank-

ets, oxygen, splints, dextran, efc.?

/

6. Have arrangements been made thi:‘
the local civilian agencies, especially the local
coroner, to permit expeditious handlmg of re-
mains of military personnel by military authofi-
ties? Ideally, arrangements should be made to
notify him by telephone and to furnish him a
copy of the death certificate.

7. Have the local laboratories ‘been-con-
tacted for possible assistance? These include
State toxicology laboratories, other service hos-
pitals and pathology centers, naval hospitals, etc.
Are facilities and personnel prepared to perform
autopsies, collect, package, and ship biological
specimens?

8. Is at least one AVT trained in the re-
quirements of crash investigation, the necessary
reports, etc.?

9. Is a check list handy to insure com-
pletion of all required items at the scene of the
crash?

This is by no means a complete list of prepara-
tions required. Much of the planning will neces-
sarily come with experience and the speciai prob-
lems inherent to the operating unit and conditions.
Thorough precrash planning, however, can sub-
stantially lessen the workload imposed by an air-
craft accident investigation. Such preparation

may well mean the difference between a success-
ful and an unsuccessful investigation.

11-7. AT THE SCENE. The first duty of the
flight surgeon investigating officer on reaching the
scene of the crash is to render the necessary med-
ical assistance to the persons who arc injured. H
should, because of his training and experience,
supervise the treatment and handling of personnel
being removed from the aircraft to prevent addi-
tional injury.

11-8. If the crashed aircraft is afire, the flight

<o gttt =




© gvery assistance possible.

ndants.should render
Generally; when the air-
craft is burning, the crash crew will remove the
personnel from the aircraft since they are both

suigcon and ‘medical atte

+ - equipped and trained to do so.

11-9. One of the primary responsibilities of the
flight surgeon to the accident ifivestigation is 10
survey the casualties involved quickly and notify
the base medical facility, which should now be on
an alert basis. This will permit medical personnel
to take the necessary steps to receive the casual-

ties. or to-cancel the alert.

11-10. Immediately after noting position of the
injured and evident cause of injury, administering
necessary treatment, and supervising removal of
injured personnel, the medical officer should be-
gin his detailed study of the accident. The wreck-
age should be disturbed as little as possible in the
process of removing personnel. Bodies of person-
nel found to be dead should be covered and left
where they are found for the period required to
make photographs or sketches, and other investi-
gatxons Sketches and photographs should be

__made so as to include the location of the wreck-

age and position of each body in relation to it.
These will be useful not only in identification but
also in the accident investigation. After this has
been accomplished, fatally injured persons should
be placed in rubberized remains bags. The exact
location of the body or parts should be marked
and identification tags placed on markers as well
as on the pouch in which the remains are placed.
A thorough search of the area surrounding the
body should be undertaken by a search party in
order to locate all parts of the body, equipment,
and personal belongings. An emergency treatment
tag, with appropriate notations should be tied to
each body. Bodies should be identified by num-
ber until definite identification can be established.

11-11. As far as possible, every effort should be
made to complete identification at the scene, as
the position of the bodies and other factors in re-
lationship to the scene are reliable clues. Once
death has been established and before a body is
disturbed, the immediate arca should be searched
for ideniification tags, rings, jewelry, waiches, stc.,
especially if the body has been bumed. Parachute
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harnacs. and plnfhmo chould he remo

ved hit by

‘bit, dnd each frag.m.-ent. earefully - examined,

11-12, PUBLIC RELATIONS. It is important
that no information regarding the identity of the
victims or the nature of the casualties be released
to the press or to any unauthorized civilians ex-
cept by & putiic information officer OF it aecord-
ance with the instruction governing aircraft acci-
dent reporting procedures, OPNAVINST 3750.6
series.

11-13. PERSONAL EFFECTS, MESSAGES, ETC.
The medical officer has certain responsibilities for
insuring that administrative requirements are met

in sending the required message reports, disposing
of personal effects, etc. These are all covered in

instructions listed at the end of this chapter.

11-14. PROCESSING REMAINS. In general, the
district medical officer should be consulted on
any problems in the handling of remains. Funds
are available for the recovery of remains, if it is
necessary to employ civilian equipment or labor.
Thus if a pilot is in the cockpit of an aircraft in
shallow water, the flight surgeon may, through
the district medical officer, secure civilian equip-
ment to recover the body. In many cases it may
be necessary to recover the body before tissue
change has destroyed the evidence which might be

=21z halandanl antiontian

revealed mxuu:,n histopathological xuv'uaf.-anu.un

11-15. NECROPSY. The flight surgeon shall
recommend to the commanding officer that an
autopsy be performed on all aircrew members who
sustain fatal injuries in aircraft accidents. Autop-
sies should be recommended on other personnel
aboard when circumstances indicate toxic agents,
illness, decompression, etc., or when the specific
cause of death is not known.

11-16. In conducting the gross autopsy, the serv-
ices of an experienced pathologist, either military
or civilian, are indicated. The flight surgeon
should assist, however, and be prepared to lead
the inquiry along lines that will yield the required
aeromedical information. Under certain condi-
tions the flight surgeon may be required to con-

Anat tha antanay

duct the autopsy. Tha r\u‘\ltnohen Anfnnc\l
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Manual (see paragraph 11-29), is avaxlable to
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flight surgeons and medical officers as a guide in
performing post mortem examinations. Refer to
the current BUMEDINST 6510 seies f Fvices
provided by tiie Arimied Forces Institute of Pathol-
ogy and by the Histopathology Center in the geo-
graphical area concerned. Flying personnel are
being subjected to environmental factors new to
medicine, and fatalities occurring as a result of
their effects on the human organism are of parti-
cular interest to the pathologist as well as the
investigating flight surgeon.

11:17. TISSUE ANALYSIS. If specimens are to
be forwarded to central facilities such as the
Armed Forces institute of Pathology the proced-
ure must be outlined in advance to insure success.

1. Frozen Tissue. Freezing techniques
are used for the preparation of sections for im-
mediate diagnosis, for certain histochemical pro-
cedures, and for materials required in toxicological
studies. Toxicological examinations are performed
at the Armed Forces Institute of Pathology only
in cases of aircraft accidents. Prompt collection
of fresh tissue is essential, in order to protect it
against chemical or mechanical change. Chemical
preservations invalidate results of toxicological
analysis; therefore, no fixing fluid (formalin)
should ever be used, and formalin-fixed tissue
should never be packed in the same container with
frozen material. Refrigeration (dry ice) is the pre-
scribed method of preservation, and rapid trans-
portation is of the utmost importance.

2. Toxic Agents. In “gompleting gross
autopsy protocol (DD Form 1322), when toxi- § =
cological studies-are reguested, it is important to
indicaté acted intoxicants-or drugs. Every
medical officér investigating an aircraft accident _ .
must be alert to the possible presence .of toxic [
agents. Toxic substances most often encounterel. .
are carbon monoxide, alcohol, and drugs.

a. Carbon monoXide ieveis-n tie
blood are considered normal for the purpose of
aviation pathology if below 10%. Levels above
this value indicate that the individual was exposed
to the products of combustion, either before or
after the accident. Hemoglobin has approximately
200 times the affinity for carbon monoxide it has
for oxygen. The degree of poisoning by CO de-
termines the results which may range from head-
ache, nausea, dizziness and mental confusion to
asphyxial death, Table 11-1 illustrates the con-
clusions which can be drawn from carbon monox-
ide level in the blocd. Whole blood is the best
specimen for examination but any tissue which
contains a considerable amount of blood such as
liver and lung can be used. Even when extensivs
burns occur, it may be possible to obtain satisfai
tory blood specimens from areas such as the cham="
bers of the heart or deep within the liver and the
lungs.

b. Alcohol quantity is reported as
the number of weight units of alcohol per 100
WEight Uniis Of sptt’:ix'ﬂ&ﬂ ﬂ'xiis 'B;Y;Hg thﬁ ~yu.r.vvnt

Table 11-1. Value of Carbon Monoxide Studies

FINDINGS

MEANING

CO elevated
instantaneous fatal injury —

CO not elevated
instantaneous fatal injury —

CO elevated
No instantaneous fatal injury

CO not elevated
No instantancous fatal injury -

CO inhaled prior to impact indicating inflight fire or other
source of CO

CO not a factor in the accident
If no post crash fire, probable means individual breathedy

CO inflight. If post crash fire, probable means individual
breathed CO after impact.

N

CO not a factor in the accident

j..(




of alcohol in the specimen. For example, a result
reported as 0.10 percent means each gram of speci-
men contains 1:0-milligrams-(0.001 gram) of al-
cohol. The presumptive limits in table 11-2 are
generally recognized as legal standards in estab-
lishing whether or not an individual is intoxicated.
Recognize that these are legal limits and do not
necessarily reflect the level at which degradation
of performance occurs. Several studies have
shown that deterioration of performance in driv-
ing tests has occurred with levels as low as 0.03
percent. The best specimens for alcohol deter-
mination are blood, stomach contents, urine,
brain, kidney and liver. Careful attention must
be given to avoiding contamination of specimens
with alcohol from some -other source (i.c., deicing
fluid, containers previously used or cleaned with
alcohol, etc.). It must be remembered that small
quantities (up to 0.08%) of alcohol can be pro-
duced in tissues by putrefaction. Therefore, the
condition of the specimen must be taken into
consideration before reaching the conclusion that
the individual had ingested alcoholic beverages in
sufficient time prior to the accident to have a pos-
itive result. A generally accepted fact is that the
average individual metabolizes (burns up) 0.4
ounces of 100% alcohol an hour. This is roughly
equivalent to an ounce of 100 proof whiskey. The
blood alcohol level drops approximately 0.02%
per hour. For example, if originally 0.18%, it

will be 0.16% one hour later.

c. Drugs of certain classes are in-
compatible with the functions required of air-
crew members. Some examples are antihistamines,
tranquilizers, barbiturates and other “sleep” in-
ducing drugs. Many antihistamine and sleep in-

Teble 11-2. Legal Standards of Intoxication

% of Alcohol
0.05 or less

Condition

presumed to be uninfluenced

0.05 to 0.10 possibly influenced

0.10 to 0.15 probably influenced

0.15 or more presumed to be under the

influence
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ducing drugs are available as non-prescription-items
and can be purchased widely. Drug studies are
time-consuming procedures but even if the sus-
picion is entertained that a drug(s) may tiave been
a factor in an accident, then the flight surgeon
should request the necessary tests. The laboratory
conducting the tests should be informed of the
type of general ciass of drug(s) suspected: A re-
quest for “drug-siudies” is aimost wwithout mean-
ing, for with the thousands of drugs available,

the toxicologist hardly knows where to begin.

The best specimens for drug studies are blood,
brain, kidney and liver.

3. Preparation and Packing of Speci-
mens. Tissue specimens for toxicological exami-
nation will be collected under the supervision of
the pathologist performing the autopsy and will
consist, whenever possible, of the following: liver,
brain, kidney, lung, bone marrow, blood, urine,
and stomach contents. Precautions should be
taken to prevent contamination of the specimen
during the course of the autopsy. Thorough toxi-
cological examination requires approximately 250
to 500 grams of brain, liver, kidney, and lung,
100 ml of blood, and all urine available. The
amount of tissue available will govern the amounts
submitted. Red bone marrow and lung tissue are
especially useful in such cases where disintegration
of the soft tissue has occurred.

is brain, liver, etc., should be placed in separate
plastic bags. In view of the quantity of ‘material
required, it may be necessary to distribute the in-
dividual specimens between several latex rubber
or plastic bags.

b. Blood and body fluids will be
shipped in latex rubber bags. The air should be
carefuily evacuaied prior o closing the bag by
knotting or other means. As an added precaution,
this type bag should be enclosed in a second bag.

c. It is recommended that heavy
polyethylene plastic bags (.005 or .006 gauge) or
latex rubber bags (condoms) be used as individual
specimen containers. The specimen should be
placed in the plastic or rubber bag, as much air as
possible evacuated from the bag, and the bag then

11-5
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heatsealed, knotted, or securely fastened with a
rubber band. As an added précaution, the tissue
should be enclosed in a second bag in which a
tag with all identifying data should be placed. It
is recommended that only paper labels be used in
identifying frozen specimens, as plastic labels may
cause camphor odors to permeate the specimens
and give false determinations, Heat-seal or fasten
the second bag. as indicated above, and prepare
for shipment. DD Forms 1322 (Aircraft Accident
Autopsy Report), 1323 (Toxicological Examina-
tion - Request and Report), and any other avail-
able information should be sealed in a separate
plastic bag and forwarded along with the specimen.

d. It is imperative that frozen speci-
mens and dry ice not be packed in sealed cans or
any type of container which will not permit the
escaping gas to pass through its walls. Dry ice is
formed under tremendous pressure; it requires ap-
proximately 230,000 cc of carbon dioxide under
pressure to form one pound of dry ice. The pres-
sure created inside a sealed container presents a
great potential hazard, as it could cause the con-
tainer to burst. Do not enclose dry ice in a
thermos bottle unless holes are drilled through the
stopper of the thermos.

e. When packing for shipment, the
specimen and protocols (DD Forms 1322 and
1323) should be placed in a stout cardboard box
filled with pieces of dry ice and enough filler
(sawdust, styrofoam, etc.)to fiil and insulate the
box. The box should be large enough to hold
eight to ten pounds of dry ice for a shipping time
of 24 to 36 hours, and should be sealed with

tape, then wrapped in several layers of heavy paper.

A plastic-insulated box is available on the Federal
Stock Schedule.

4, Addressing. The packing box con-
taining specimens for toxicological examination
should be labeled “FRAGILE - RUSH - SPEC-
IMENS FOR TOXICOLOGICAL EXAMINATION
(AIRCRAFT ACCIDENT).” and forwarded by
military or commercial Air Freight to the Director,
Armed Forces Institute of Pathology, Washington,
D.C. Correct designation should be clearly writ-
ten to insure prompt delivery. Send TWX notify-
ing AFIP of 1) time of arrival, 2) airline, 3)

11-6

flight number and airport. Also put telephone
number at AFIP on outside of package and ask & 3
carfier to-call when material.arrives. Mark “Frozen.
Tissue” on packags, x5 well as the above “Fragile,

ete.” e

. e
s

WARNING

Dry ice shouid not be handied
without the use of gloves, and
should not be placed in glass or
other completely *“‘closed” con- *
tainers. Do not enter poorly
ventilated areas where large
quantities of dry ice are stored.

5. Time Table for Frozen Specimens. A
suggested table has been prepared for guidance of
personnel in preparing fresh tissue specimens being
shipped for use in toxicological studies. Table
11-3 gives the estimates for outside temperature
and the number of hours in transit. This will as-
sure that sufficient dry ice will be used to pro-
tect the specimen until its arrival at the final des-
tination.

11-18. After all bodies have been removed from
the scene of the accident, the autopsies have been
performed and the specimens have been shipped,
the flight surgeon investigator should assume his
duties as a member of the aircraft d¢eitent board

P JNFS M Ve Smmssen da ecoslain 1
and the task group to which he has been assigned,

As such, the flight surgeon member will make his -

contribution both as a working member and as a
specialist whose training and experience should

make him one of the most valuable members of v

the board. Pilot-caused accidents are truly the

flight surgeon’s domain. Naval Safety Center ex-
perience shows that a special effort will be re-

quired to avoid making a snap diagnosis as to ma-
terial factor or human factor. The fiight surgeon
should direct his efforts toward establishing facts
and not attempting to justify unsupported theory

11-19. THE AEROMEDICAL TASK GROUP. As™
a member of the aircraft accident board, and

leader of the aeromedical task group, the flight
surgeon has the responsibility to investigate the

pilot’s sociological, psychological, and physiologi- ~
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Table 113. Time Table-for Frozen Specimens "

No. Hours
in Transit

==} Gutside Temperature

Minimum Amount of Dry ice]

Weight of _ , Y
Add viore ‘When Possible |

Specimen

72
48
24

Below 50 Degrees F

72
48
24

50-80 Degrees F

80-100 Degrees F

Over 100 Degrees F
48
24

(Not recommended for shipments requiring more than 24 hrs.)

‘5-1bs.
4 1bs.
3 1bs.

2 1bs.
3 1bs.

5ies U T
4 1bs,
4 lbs.

6 lbs.
§ lbs.
4 1bs.

6 lbs.
5 lbs.

1 1bs.
2 lbs.

cal background for factors which may have caused
or contributed to the accident as well as to inves-
tigate the adequacy and functioning of safety and
#urvival equipment in the crash and postcrash sit-

___-uation. It is impossible to cover in this chapter

all those factors which should be thoroughly ex-
plored. The criterion must be - Check and Report
Everything, making use of all the ingenuity you
possess.

11-20. Sociological, Psychological, and Physiologi-
cal Factors. There are two general approaches
which must be made to the investigation of these
elements in an aircraft accident. The first involves
a reconstruction of the situation which confronted
the pilot and resulted in the accident. The second,
the background approach, includes gathering all
the material on the pilot’s background antedating
the accident which might explain or clarify the
actions or mistakes he made which resulted in

this accident.

11-21. Neither of these is simple. The first will
se easier if the pilot is still alive and can be in-
duced to repeat in minute detail everything that
happened just prior to and during the accident
situation. Without the pilot to interview, the re-
construction is difficult but is generally made pos-
sible by the gathering together of a mountain of

minutiae. This will include everything from the
pilot’s financial difficulties, to transmissions he
may have made, to the position of his body, to
instrument readings. Although incomplete, bits of
evidence and even hypotheses accumulated over a
series of accidents will eventually show results. An
example of the salient points which should be
covered follows.

1. Total experience, experience in type
of aircraft, experience in type of flight or maneu-
ver undertaken, possibility of training interference,
etc. Establish a rough measure of the confidence
and ability which the pilot might have had.

2. Physical situation at time of accident,
i.e., weather, altitude, pressurization and tempera-
ture conditions, oxygen use, etc. Establish a meas-
ure of the physical environment.

3. Emergency conditions or warnings
existing, such as lost, out of control, fire, loss of
instruments, low fuel, other aircraft in area, com-
munications, etc., establish a measure of the im-
mediate stress on the pilot.

4. Determine the number of hours of

duty and sleep in the last 24 hours, visual acuity,
auditory acuity, reaction time, biood chemisiry,
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alcohiol as iiivolved, €tc., to get a measure of the
physical condition of the pilot or his ability to
withstand stresses.

5. Find évidence as to pilot’s emotional
tone at time of the accident, i.e., anxiety, anger,
frustration, etc., to get a measure of the pilot's
mental state imposed by stresses. Interview the
pilot’s family, friends and colleagues thoroughly,

6. Check the personality structure of
the pilot, i.e., determine the expected reaction of
the pilot under the conditions imposed by items
1 through 5 above.

7. Review the cockpit again, in view of
the above analysis, and determine whether the
cockpit layout might have been involved, whether
or not a modified control or location or informa-
tion presentation might have prevented the acci-
dent or permitted the pilot to handle the situation.

11-22. This is but a brief coverage of the items
involved, but should present an idea of the thor-
oughness which is required to find the causal fac-
tors. Always remember that a piece of evidence,
while negative on primary cause, may be the es-
sential evidence in another area. For example, a
blood sample may not appear relevant in what ap-
pears to be a material-failure accident. However,
its analysis for toxic substances, blood chemistry,
drugs, etc., may be final evidence to prove that
this was a pilot-induced material failure, i.e., that
considering the stress imposed, the personality
structure of the pilot, and layout of the cockpit,
the accident was “pre-determined.” In a similar
manner, the presence of, for example, pharma-
cological agents in the blood will offer an invalu-
able clue both as to the problems which the pilot
was fighting and physiological condition level at
which he was operating at the time of the acci-
dent. Here is a clue as to his overall efficiency.

11-23. The entire process of accident investigation
is a differential diagnosis. The flight surgeon, of
all the accident board members has had special
training in this process. In clinical medicine, one
life may be involved; but in aviation accidents,
possibly hundreds of lives, and millions of dollars
may depend on the thoroughness of your diagnosis.

11-8

1i-24. THE AIRCRAFT ACCIDENT REPORT. £

significant finding is worth only as-much as the -
results it produces. In the case of accidents, thie
information must be placed in the hands of agen-

J

ciés which can take femedial actioni, This a ref

port of the findings of the accident board is ¥
essential. As in medicine, an unisupported diag- -
nosis itself is not only inadequate but -dangerous.
The entire clinical history, laboratory findings,
special consultants, efc., are needed. Similarly, in

accidents, the entire picture or story is needed.

11-25. When laboratory reports or autopsies are
not available within the time requirements of re:
porting, forward them as soon as they are avail-
abie. Do not delay the basic report. In thée same
manner, do not hesitate to forward modifications
or reversals of findings. The determination of the
cause of some accidents is an elusive and difficult
task requiring many days of hard work. The in-
vestigation and reporting of an aircraft accident
requires the accumulation and submitting of this
information.

11-26. Do not hesitate to ask for assistance. T}

following activities and references are sources o __

further information.
11-27. Useful phone numbers are:
1. Naval Safety Center — Commercial

703-444-3321, Autovon 8-690-3321. After work-

ing hours call Commercial 703-444-3520 or Auto-
von 8-690-3520.

2. Armed Forces Institute of Pathology —
Commercial 202-723-1388 or 202-576-3232.
Autovon 8-346-3232 or 8-346-2800.

11-28. Useful references are:

1. BUMEDINST 6510 series.

2. OPNAVINST 3750.6 series.

3. NAVMEDP-5083, Methods for Pre- ~—

paring Pathological Specimens for Storage and
Shipment.

4. NAVMED P-5065, TM8-300, AFM
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' 160-19; Autopsy Marnual, 7. UES. Naval Elight Surgéon’s Manual, _
5. ‘BUMEDINST 5360; I scries; Dece- ~ 8. JCAF Meniorafidurm N
dent Affair Manual. Washington, D. C. )

6. MANMED Art. 17-18. 9. Aviation Safety Officer’s Guide

11-9/(11-10 blank)
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APPENDIX A,

AN. ACCIDENT INVESTIGATOR'S EQUIPMENT

A-1. INTRODUCTION.

A-2. To start the investigation as quickly as
possible, the investigator and his team must be
properly equipped. Accidents are rarely confined
to any particular area. Therefore, the investigator
should be prepared to conduct his investigation

in spite of any hardships which might be encoun-
tered due to terrain, extremely hot or cold

weather, or any other conditions which may occur.

A-3. CLOTHING.

A-4. It is nearly always necessary to crawl
around or under aircraft wreckage, so the investi-
gator should arrive at the scene appropriately
clothed. Comfortable working clothes of the cor-
rect weight for the existing weather, which the

investigator does not mind soiling, should be worn.

To protect your hands against cuts and infection
while handling broken metal parts, be sure your
clothing equipment includes a pair of heavy work-
ing gloves. These gloves are a necessity. In short,
don’t show up at an accident scene in a dress uni-
form and expect to get the job done.

A-5. FIELD KITS.

Th t aaaaa € amitivmommnnt
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gations cannot be standardized due to differences
in terrain, aircraft type, location, etc. However,
certain basic items usually are necessary in most
situations. The following is a list of basic items
which should be included in all field kits. (See
table A-1.)

1. A good magnetic compass

2. A steel measuring tape (50 to 100

A protractor

A draftsman’s scale

Writing material and notebook
Graph paper

Shipping tags (for identifying parts)

Containers suitable for fuel and oil
samples

9. Suitable hand tools for removing
small parts, drain plugs, instruments, etc.

10. Flashlight and spare bulbs and
batteries




Table A-1. Investigator’s Kit Inventory Lict

Case #1
Description

FSN

Case #2
Descripticn

FSN

8415-268-7868

0A418.1761_ 4771

T aTIUrTTT o

7510-243-3439
4720-968-1357
8105-290-0335
7510-223-6690
8135-178-9200
7510-223-6690
7510-223-6691
7520-633-8718
7510-174-3205
7510-281-5234
7510-223-2027
-7510-264-4610
7510-233-2021
6650-514-3531
7510-161-6215
6675-238-3498
7530-222-0078
7510-281-5234
7530-223-7898
7530-285-3068
7530-285-3083

6545-664-5313
6545-551-8344
6230-270-5419
6530-406-0150

8405-290-0550
7210-282-7950
8465-255-8223

Gloves, leather
With woolinserts.
Rubber bands

Plastic tubing

Small plastic bags
Chalk

Shipping tags

Grease pencils - Black
Grease pencils - Blue
Grease pencils - Green
Grease pencils - Red
Colored pencils - Black
Colored pencils - Blue
Colored pencils - Green
Colored pencils - Red
Magnifying glass

12" Ruler

Draftsman’s ruler
Small notebooks
Pencils

Graph paper 8” x 107
Plain paper

White line paper
Handbook for Aircraft Accident

Investigation (NAVAIR 00-80T-67)

First aid kit

Snake bite kit

High intensity light (2 oz.)
Bottles (Duraglass), 1 dozen
2’ x 2’ Flags, 1 dozen (locally
produced, highly reflective)
3* Stakes (welding rod), | dozen
Tape recorder, cassette type
(locally purchased)

Poncho, corted nylon
Blanket, bed, green
Packboard

§110-228-3161
5110-721-6810
1095-392-4102
5120-270-4309
5120-264-3796
5120-240-5328
5120-059-6711
5120-278-0351
5110-243-0901
5120-227-7362

5120-293-0314
5120-517-8099
5120-724-3766

5120-988-6490
5120-596-1183

5120-596-0866
5120-278-1273

5120-227-8173

5110-239-8253
5110-224-1532
5120-203-7064
5110-289-9657
5120-618-6902
5120-180-0873
6230-270-5418
6135-020-1020
6240-155-8675
5210-221-1882
4020-968-1357

8405-290-0550
7210-282-7950
8465-255-8223

Hatchet, half

Folding 3-bladed knife
Survival knife “K> bar
Wrench, pipe, 3 1/2”
Adjustable, open end wrench
Adjustable; open cnd wrench

Parrot nose serrate jaws
‘COMINOITPliers

Hacksaw blades (10)
Flat tip screwdriver, Heavy duty,}
127 x 3/8”

Flat tip screwdriver, normal
duty, 10” x 1/4”

Flat tip screwdriver, normal
duty, 8” x 1/4”

Phillips screwdriver, heavy duty,
10,)

Flat tip screwdriver, 6” x 3/16”
Flat tip screwdriver, light duty,
l'” X 1/8”

Reed & Prince, 3” x 3/16”
Flat tip screwdriver, 1 3/4” x
5/16”

Flat tip stubby screwdriver,
11/2” x 1/4”

Heavy duty diagonal cutting
Light duty diagonal cutting
Short series wrenches (10)
Hacksaw frame

Inspection mirror

Crowbar

Flashlight

Flashlight batteries (4)
Flashlight bulbs (8)

100 ft of metal tape

100 ft of rope with loops at
every 10°

Poncho, corded nylon
Blanket, bed, green
Packboard




Pocket lens (magnifying glass)

12. Marking crayon (grcase pencil)

13. Snake bite kit (if applicable)

14. Camera and flash bulbs (in case a
photographer is not available)

15. Imsect repellent (if applicable)

A-7. This equipment (or that which is found to
be most suitable for the particular locale) should
be assembled in kit form and taken to the acci-
dent scene immediately. The kit shown in figures
A-1 and A-2 consists of two containers, each con-
structed from a packboard, leatherette, bungee
cord, and velcro tape. The kit contains all of the
necessary items in a form convenient for carrying
in most types of terrain.

A-8. A secondary kit containing heavier equip-
ment and items needed for more detailed exami-
nation of the wreckage should be available to the
. »nvestigator. This kit should include technical

_ orders pertinent to the aircraft, maintenance in-

struction manuals, handbooks of operating instruc-
tions, parts breakdowns, and whatever other equip-
ment the investigator finds that he needs.

A-9. Before entering the accident scene the in-
vestigator should anticipate his needs for specia
equipment such as skis, food, water, axes, a guide,
pack horses, or whatever else the locale requires.

A-10. It must be emphasized that the inclusion
of proper equipment as a part of the pre-accident
plan is of the utmost importance. Valuable evi-
dence may be destroyed while the investigator
scurries around the installation trying to assemble
his equipment after the accident has occurred.
Have the equipment assembled in kit form readily
available.

A-11. WRECKAGE RECOVERY EQUIPMENT.

A-12. In all probability the investigator will ar-
rive at the accident scene shortly after the acci-

St T og dielan i
deni. In addition to the tasks previously men-

NAVAIR 00-80T-67

tioned, he should ascertairi the type of wreckage
recovery equipment tliat will be required to do
the job with minimum damage to the wreckage.
If the accident is the “hole-in-the-ground”™ type, &
bulldozer and clamshell will be required. It may
be necessary tc have pumps available to remove
water from the hole. Flat-bed trucks will be
needed to remove the wreckage from the scene.
f the mircraft is-not broken up, equipment capable
of lifting heavy components will be needed. As-
certaining at an early stage the equipment require-
ments, and active participation and supervision of
the recovery operation are vital tasks to the inves-
tigator. He must be familiar with the equipment
that is available at his base. If the scene of il
accident is distant from the parent base, a nearby
naval or marine facility will be responsible for

Figure A-1. Investigator’s Kit
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Figure A-2. Investigator’s Kit

and designated as the recovery activity, Early de-
termination of the equipment requirements will
assist in the arrival of the proper tools to do the
task. The investigator has a responsibility in the
recovery operation regardless of the activity desig-
nated to do the work.

A-13. If the aircraft is in the water, suitable
equipment for detection, marking, and removing

the wreckage will be required. It may be that
hand-held sonar, divers, or mine-detecting equip-

ment may be required. Usually the local naval

district headquarters, ComFair, or type commandé\_’
can arrange for the provision of the necessary
equipment. However, the investigation should de-

cide what is required and request it from the ap-
propriate superior command.
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APPENDIX B.

ANALYSIS OF PHYSICAL EVIDENCE AT THE SCENE OF THE ACCIDENT

B-1. GENERAL.

B-2. Information on maneuvers just prior to the
accident is valuable in estimating the angle of im-
.. pact and speed of the plane at impact. Whenever
" " plane hits an obstruction, the approximate
Light of the point where the plane struck should
be obtained. In cases in which a plane goes out
of control near the ground and spins or spirals
into the ground, an estimate of the altitude at
which it went out of control is valuable. This is
sometimes difficult since witnesses who are not
pilots often give erroneous and conflicting altitude
estimates. For purposes of comparison, 100 feet
is the height of an average 8- to 10-story building.
A 45-degree sightline can be used to find the
height of objects by triangulation (see figure B-1).

B-3. OBSTACLES AIRCRAFT HIT BEFORE
FINAL IMPACT.

B4. Striking wires, trees, and other obstacles
at flying speed will usually absorb a good deal of
aergy and slow down a plane prior to the prin-

yal impact. Information as to what part of the

\fgﬂane hit the obstruction will give an indication of

the forces imposed upon various parts of the plane
and sometimes will indicate the direction in which

Teeor e
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HOW TO FIND APPROXIMATE
HEIGHT OF OBJECTS

. Hold card vertically as shown; tilt card up or

down until 45° line is level.

. While holding 45° line level, walk toward or

away from object uniil it lines up with edge of
card.

. From this point, pace off or measure distance

to base of object. A pace (two steps) is
approximately 5 feet.

. Add 5 feet to measured (or paced) distance to

get approximate height of object.
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FLIGHT PATH ANGLE ﬂ\
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Figure B:2. Definition of Flight Path Angle

B-5. ESTIMATING FLIGHT-PATH ANGLE OF
AIRCRAFT. The flight-path angle of an aircraft
is the angle between the flight-path and the hori-
zontal. The flight-path angle of the aircraft as it
descends toward the ground may be quite differ-
ent from the angle of the longitudinal axis of the
aircraft with the horizontal. Just before hitting
an object, the plane may be pulled up into a nose-
high attitude to avoid collision but may continue
to mush downward toward the ground (see figure
B-2). The flight-path angle is of interest in deter-
mining how much energy is absorbed prior to the
final impact. In many cases this angle will not be
known and considerable difficulty will result in
cstimating it. Sighting from the point of first
ground impact to the damaged obstructions or
objects will often help in estimating the flight-
path angle (see figure B-3).

B-6. ESTIMATING ANGLE OF IMPACT OF
THE AIRCRAFT. The angle of impact is the
angle between the flight-path of the aircraft and
the surface of the terrain. In open-sea landings,
the angle will depend upon the point of contact
with the swell. The angle of impact is of interest
in determining the amount of energy absorbed on
the final impact. The angle of impact may be
quite different from the angle of longitudinal axis
of the aircraft with the surface. For example, a
plane may be tripped by catching its landing gear
on a tree or wire so that it strikes the ground
vertically on its nose (see figure B-4). When im-
pact is made with a horizontal surface, the angle
of impact and the flight-path angle are the same
(see figure B-5). An aircraft descending and hit-
ting on a downhill slope (or down swell) as in

B-2

figure B-6 has a very different angle of impact
from that of an aircraft hitting on. an. uphill slope
(or up swell) as in figure B-7, even though their
flight-path angles may be the same. An aircraft
with a horizontal flight-path angle striking a ver-
tical surface has an impact angle of 90 degrees
(see figure B-8).

GOUGE MARK

HOW TO FIND APPROXIMATE
FLIGHT PATH ANGLE

(When Aircraft Has Struck and Damaged Objects)

{. Hold card as instructed and sight along edge of
card toward object at a point approximately §

feet above damaged area.

2. While holding card as described above, look
toward horizon and read number (degrees) on .

whichever line appears to be level.

Figure B-3. Finding Approximate Flight Path Angle
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Figure B-5. 30-Degree Angle of Impact Figure B-7. 45-Degree Angle of Impact

Figure B-6. 20-Degree Angle of Impact Figure B8. 90-Degree Angle of Impact
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B-7. SPEED OF AIRCRAFT PRIOR TO
HITTING OBSTACLES.

B-8. It is generally possible to estimate the
speed of the aircraft before hitting obstacles and
at impact by questioning qualified witnesses and
by considering the wind, the aircraft’s maneuvers,

P
&
ana iv

B-9. If the plane strikes wires, trees, or other
obstacles at flying speed, a great deal of energy
may beé absorbéd, slowing down the aircraft be-
fore impact with the ground. In such cases it is
difficult to make more than an educated guess as
to the final impact speed. Angle of impact, wreck-
age distribution, and size and shape of the ground
scar are useful factors in estimating final impact
speed. Many modern aircraft are equipped with
Mach trim limiting devices which will indicate
speed at impact. Variable geometry engine inlet
ramps and guide nozzles, when their position is
taken in context with other factors, may also give
clues.

B-10. The effect of wind on impact speed can
be estimated by the use of figure B-9.

SUBTRACT
TOTAL WIND

TOTAL WIND

Figure B-9. Estimating Wind Effect on Impact Speed

B-4

B-11.

ANALYSIS OF GROUND-SCAR. £

B-12. STOPPING DISTANCE OF AIRCRAFT.
One of the important things T0 know about a .
crash is not how fast the aircraft was going, butg*
how fast it stopped. The distance through whig_
an aircraft’s speed is stopped is most important. -
A crash is an absorption of kinetic energy. Crash.
energv i dissipated by 1) sliding, ;Ql_l_igg:,bggggg
ing, or cartwheeling along the ground, 2) gouging
into the ground, 3) deformation, buckling, or
crushing of aircraft structures, and 4) crumpling or
breaking of objects the aircraft strikes.

B-13. In low-anglé accidefits, aircraft frequently
slide, bound, or cartwheel for 100 feet or more.
On the other hand, in a very high-angle accident
(steep nose-down angle), an aircraft may not move
from the principal point of impact, the nose of
the aircraft burying itself in the ground. In such
accidents, the speed is stopped and the energy is
absorbed in the collapse of the structure and
gounging into the ground. The stopping distance
can usually be quite accurately measured.

B-14. LENGTH AND DEPTH OF GOUGE
MARKS. The length and depth of gouge marks
are items of extreme importance, especially in
high-angle accidents, for they provide valuable in-
formation which is used, along with other data, to
estimate the crash forces-transmitted to the fuse-
lage structure, seats, safety belts, and shoulder
harnesses of the occupants. In measuring the
length and depth of gouges, do not include the
distance the aircraft bounced, slid, or cartwheeled,
since an aircraft stops much more abruptly when
gouging in than it does when sliding. For exam-
ple, in figure B-10 the total distance from the
point where the aircraft first struck the ground

to the point where it came to rest is 102 feet.
Only 32 feet of this was gouging. In figure B-11
the aircraft gouged in, bounced, gouged in again,
and then slid. When two separate gouges occur,
as in this case, the length of both gouge marks
should be added together. Although the aircrafy
bounced 26 feet and slid 42 feet, the total goug-
ing distance was only 7 feet with a maximum
depth of 5 inches.

N
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BOUNCED 20—k GOUGED iN 32°

Figura B-10. Langth and Depth of Gouge Marks Should be Measured Accurately

L—— SLID 42'

RN TR

| GOUGED
—BOUNCED 26’

Figure B-11. Length of Individual Gouge Marks Should be Added Together.

B-5/(B-6 blank)
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APPENDIX C.

C-1. PHOTOGRAPHIC RECORD.
C-2. In almost every accident, a certain mini-
mum number of photographs is usually required
for record purposes if the investigation report is

be complete. Photographs in this category are

—«sed chiefly for verification and identification
purposes. In accidents involving structural failure
or suspected structural failure, however, a more
or less complete photographic record is usually
made to assist in subsequent investigation and
evaluation work.

C-3. A complete photographic record should
include photographs of the general terrain at the
site of the accident, overall views of undisturbed
wreckage, reconstructed components or systems
and close-up views of important or significant
structural or other material failures. The terrain
pictures should show any surface irregularities,
presence of damage to buildings, trees, or other

ohiects, noint of first contact, impact craters. etc.

The photographs should be taken as soon after
the investigator arrives at the scene as possible,
1ce subsequent investigation work or other con-
ions may alter or destroy the evidence. After
the terrain pictures have been obtained, the in-
vestigator should concentrate on photographing
the undisturbed wreckage. The emphasis here
__ould be on showing the attitude of the aircraft

when it struck the ground, the general extent of
damage and the presence or absence of all major
components such as the wings, stabilizers, eleva-
tors, rudder, ailerons, etc. If fire indications are
found in various areas of the wreckage an effort
should be made to show these indications, to-
gether with similar indications, possibly, on the
surrounding ground. These latter photographs can
be used often to substantiate findings of ground
fire versus inflight fire. Other points which appear
to be significant from a preliminary examination
should. be recorded before the detailed wreckage
examination is begun. Very often the investigator
will decide to reconstruct or rearrange particular
parts of the wreckage to determinc failure pat-
terns. A photographic record should be made of
such reconstruction work to assist in the subse-
quent evaluation work. Finally, close-up views of
important structural failures such as failures of
spar caps, webs, spar splices, longerons, or string-
ers, should be included in the photographic record.

C4. In general, the photographic record should
be complete enough to permit a person who is re-
viewing and evaluating the accident report to ap-
preciate the significance of the investigator’s find-
ing. While the investigator’s report must contain
a detailed write-up of the damage, it is still true
that one picture can often take the place of a
great number of words. The investigator should

C-1
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use photographs as another tool in complete and
accurate reporting. Each photograph included in
the report should purport to show a separate
point or detail relative o the accident.

C-5. The sooner an experienced and qualified
photographer can get to the scene of an accident
the better are the possibilities of acquiring more
valuable photographic evidence. The photographer
should commence taking pictures immediately
upon arrival. Pictures taken before extensive fire
damage can reveal information that would ordi-
narily be lost.

Figure C-1. Photographic Record Should Include View

Along Wreckage Path

C-6. If evidence is to be presented, get a good
picture of it. The photographer is not a mind
reader and he cannot be expected to get pictures '
contained in the investigator’s mind, It will nor-
mally be necessary to show the photographer ex-
actly what is to be photographed and from what
angle and direction. Take as many pictures as
necessary but do not photograph indiscriminately
and end up with a voluminous stack of exposed
plates and no concrete evidence. Use of polaroid-
type cameras is advantageous since the invesiigator
can determine at the scene whether the required
photographs have been taken and all important
details of the wreckage have been documented.

C-7.  Starting as early in the game as possible,
and as the investigation progresses, the accident
board should review photographic proofs for those
shots which are to be later printed for the record.
Identification is very important during this proc-
ess. Also, judicious cropping will enhance the
photographic record by eliminating extraneous
peripheral items and will allow the photographer
to enlarge the items of pertinence. Crop marks
can be made directly on the proofs with grease
pencil.

C-8.  Pertinent photographs of the following
details are desirable:

1. General view of the scene along the
wreckage pattern to the point of first contact.

2. Acral view of {he accident scene (if
needed).

3. Damage to objects struck.
4.  All major parts of the wreckage.

5. Detailed view of cockpit, instrument
panels, switch settings, and control handles.

6. Engines and propellers.
7. Wheels and landing gear assemblies.
8.  All parts involved in, or suspected of

structural failure, or of having contributed directly
to the accident. These photographs should be in
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“eihe faiiure-point, or other-detailod-information is.ac confusing as it is worthless.
such as direction of shear-of fivets; ste.

*E*]sufﬁcicnt detail to-show the grain of the metal at of the picture. A picture withott an explanation

C:12. The location of the photographer and the
The failed part that has been estab- direction in which the photographs were taken
v shed as the cause of the accident or is believed must be recorded carefully. In order to secure
to be significant to the cause of the accident better coverage, it is often necessary to rephoto-
should be photographed in detail. It is good prac-  graph scenes or specific items of evidence from:
tice to photograph the failed part and an undam- more tham onc direction:
aged like item in the same exposure so that the
failure is readily apparent. C-13. Each photograph should be readily identi-
fiable and to insure this necessary requirement it
C-9. Regarding the photographing of small, im- may be necessary to request that all photographs
portant pieces of evidence, the parts.chould.not e identified with the following information:
only be photographed in the field but they should
be removed from the scene and photographed in 1. Date of accident.
a laboratory under controlled conditions to insure
that the photograph of the items in question will 2. Location of accident.
be clear and well defined.

S 9,

Type of accident.

C-10. IDENTIFICATION OF PHOTOGRAPHS. . BuNo of aircraft.

—~C-11. In order to avoid confusion, all photo- . Part number (where applicable).
. Jphs should be given exhibit numbers and
fould carry descriptive captions to point out the . Squadron.
details of evidence to which they contribute. A
good method of accomplishing this is to write . Aircraft accident report number.
the captions on a piece of plain white paper with
grease pencil, placing this sign in the foreground . Special handling note.

C-3/(C-4 blank)
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APPENDIX D.

DIAGRAMS, SKETCHES, AND MAPS

D-1. WRECKAGE DISTRIBUTION DIAGRAMS.

D-2. The location of the wreckage on the
ground often reveals interesting and pertinent
facts in an investigation. A diagram of the wreck-

~*’ age location should be plotted as soon as possible

after an accident to preclude the possibility of
some pieces being moved before their exact posi-
tion is noted.

D-3. 1t is usually wise for the investigator to
take verv detailed notes as he makes a complete
inventory of the aircraft parts and records their
relative location. A general sketch of the accident
locale is highly desirable in most accidents but
particularly in the more serious ones. Sometimes
it is very difficult to plot because of dense under-
growth, hilly terrain, swampy land, etc. However,
in almost every case properly prepared sketches
and diagrams showing wreckage distribution and
the general setting of the accident are invaluable,
and every effort should be made to prepare them
regardless of the difficulty.

D-4. To aveid overcrowding of information, it
" may be necessary to prepare several diagrams,
showing different data on each one. Together
these sketches should allow the reviewers of the

. accident report to grasp quickly the circumstances
and location of the accident. The general setting

of the accident should be shown by giving the
bearing and distance of all equipment and pieces
of structure from the center of the wreckage or
from some stationary reference point.

D-S. Rough diagrams and sketches drawn early
in the investigation usually prove invaluable when
more exact and elaborate diagrams are prepared
for the final report, using the investigator’s notes
and witnesses’ statements.

D-6. Information that should always be shown
on the wreckage distribution diagram Inciudes the
following: (See figure D-1.)

1. Bearing and distance of all significant
pieces of wreckage from a stationary reference
point.

2. Point of initial contact.

3. Location of deceased or injured
people.

4. Propeller or other marks on the
ground.

S. Landmarks or features of terrain such
as hills, fences, roads, trees, buildings, etc., if they
figure in the accident.

=

e

e e~
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Figure D-1. Wreckage Distribution Diagram
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\.’D-7. OTHER DIAGRAMS,

D-8.

L In addition to the wreckage distribution

‘f “agrams, other sketches and maps may prove use-

., #lin the investigation. The flight-path of the
“~aircraft prior to impact should be reconstructed

in a diagram based on witnesses® testimony and
its track afong the ground-shioiid v presented;
using the investigator’s measurements (see figure
D-2). If the aircraft was in trouble for a consid-
erable time before its crash, then its course during
this period should be detailed on a route map.
Sketches should also show, where appropriate:

1. Distance and direction to nearest air-
port, town, or airway aid.l

NAVAIR 00.80T-87
2. Elevations (mean sea lovel) at scene
of accident.

3. Compass rose or north point and
wind direction.

5. Distances between important points
or objects.

6. Naval Air Station obstructions; run-~
way and glide-path maps.

7. Naval district maps.

D-9. There have been many instances when
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sketches have provided the best and inost usable
data regarding a particular phase or the results of
an aircraft accident. Sketches are of particular
value when disintegration occurs in flight and the
components are apt to be scattered widely along
the flight-path. Other sketches of the partlcular
aircraft invoived, showing the location

‘pacts by -cross-hatching, arc often uss

siderable success.

D-10. Sketches may also be used to show details
of taxiing accidents, collisions, proximity of ob-
structions to runways or taxiways, width or con-
dition of runway, size and layout of emergency
landing sites, and similar special conditions in-
volved in accidents.

D-11. Other sketches showing details of structural
failures, position of controls or control surfaces,
flaps, or landing gear, etc., may suggest them-
sclves or may be used in lieu of photographs to
record important details of the accident. All
sketches should be clearly identified, showing the
time, place, and date of the accident, the name
of the operator, and type and Bureau number of
the aircraft involved. It is also important that
sketches carry an exhibit number and a title in-
dicating their contribution to the accident record.

D-12. MAPS AND CHARTS.

D-13. For the purpose of locating the scene of
thecrash, a sectional acronautical chart is useful.
This will give detailed information on the crash
scene’s location with reference to airways, navi-
gational facilities, and major terrain features. There
are numerous other sources of special maps which

can be used when unusual topographical condi-

tions afe a Tactor in causing the accident. Some

of them are: - :
1. Hydrographic Office.

2. U.S. Forest Service:

o B e o |

()

3. State and county agricultural service
agencies.

4. Army Map-Servicc (extremely de-
tailed maps are available from this source).

5. State, county, and city surveyor’s
offices.

6. Naval Air Station obstruction, run-
way, and GCA glide-path maps.

7. Naval district maps.

D-14. MEASURING DISTANCES. f

-

D-15. Pacing is usually sufficient for distance
measurements where wreckage is scattered over a.
large area. If the area is heavy with brush or
trees, triangulation may be necessary. A pair of
field glasses with a mil scale can also be used for
larger distances across impassable terrain. Exact
distances are usuaily required-for-wheelskid-marks;
length and depth of initial impact marks when
the aircraft hit at a shallow angle, propeller-ground
scars, position of controls, position of components,
etc. A steel measuring tape should be used for
this purpose.




—82

NAVAIR 00-80T-67

APPENDIX E.

QUESTIONS FOR AIRCRAFT ACCIDENT INVESTIGATORS

E-1. INTRODUCTION.

The list of questions in this appendix is
eant to serve only as a guide to the investigator

- reviewing his evidence for completeness. It is
not meant for use in interviewing witnesses or in
gathering evidence. Many of the questions will
not be applicable to a given aircraft accident, and
there will always be some facet of the accident
not covered by this appendix. The investigator
wito Hmits his efforts to answering the questions
listed here will acquire much superfluous informa-
tion, and will invariably fail to determine the
cause of the accident.

E-3. OPERATIONAL PROCEDURES.

E-4. PREFLIGHT PLANNING, TAXIING,

AND PRE-TAKEOFF.

1. Was the flight properly authorized
1d what type of mission?

N

2. Was preflight navigational and/or
route planning completed properly?

Was flight clearance DD Form 175

ight plan completed?

4. Who was clearance authority and was
he qualified to sign for the clearance?

5. Was pilot’s instrument rating valid?

6. Was Form F (weight and balance)
properly filed?

7. Was the deicing equipment serviced?
Was a fuel sample taken?

9. Was there sufficient fucl on board to
accomplish the mission as proposed and remain
within existing regulations with respect to fuel
reserve?

10. Was the pilot in possession of a flash-
light, maps, letdown procedures, radio data, and
13t tenfremmntinn maniinla?
lllsllt L35AVJRARICALANIIL ALECIRLIVACLALD »

11. Was OPNAV Form (yellow sheet)
properly executed, and was plane listed as being
in an “‘up” status?

12. Did pilot accept the plane with known
discrepancies?

13. Were crew and passengers properly
briefed?

) s o o s Y e g
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14.  Was proper visual inspection made?

15.  Were chocks placed under the wheels
prior to starting the engine?

16. Was any difficulty encountered in
starting enging?

17. Was a checklist used?

18. Prior to taxiing, were tower instruc-
tions received and understood?

19. Were tower instructions adequate?
20. Were windshield and canopy clear?

21.  Was proper taxi clearance available?
If not, were wing walkers or guides available?

22,  Were brakes operating satisfactorily
before taxiing?

23. Were bomb bay doors and access
doors closed and extensible units stowed?

24. Were all obstructions properly marked
or lighted?

25. Was
ing regulations?

taxiing accomplished within exist-
26. Were all ilight and engine instruments
checked during taxiing?

27. Were any peculiarities noted while
taxiing?

Was line or deck crew properly

for night operations, and far emergencies?

29.  Was line or deck crew familiar with
current signals?

30. Were proper position lights on prior
to taxiing?

31. Were landing lights used properly
while taxiing?

vy
32. Was tower checked for light sxgnals§f
Were the signals. undcrstood?

33. Was the pilot guilty of taxung mf”
his head in the cockpit?

34, Was the adjustment of belts, .chutes,
lﬂmrﬂﬂccx and eguinment made nrior to taxiing?

35. Was steering mechanism or tailwheel
lock operating satisfactorily?

36. Was area behind aircraft cleared pnor
to power check?

37. Was nosewheel or tailwheel in proper
position?

38. What was the position of flaps prior
to takeoff?

39. Was checklist used for engine run-up?

40. Were brakes checked against powe‘\
prior to getting head in the cockpit for engine
run-up?

41, Were any discrepancies noted on
run-up?

42. Was all necessary radio equipment
checked and operating properly?

43. What type of radio equipment was
available?

44. Were takeoff instructions including
ATC instructions received prior to takeoff?

45, Were guro instmments uncaged or

checked for proper operation prior to takeoff’

46. Were control locks, external gear-
down locks, and bomb bay door safety locks N
removed?

E-5. TAKEOFFS.

e

1. Was full power used for takeoff?
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Was safe speed attained prior to leav- 4. Was radio failure a factor?

5. Was airspeed reduced when encoun-
3. What sequencé was employed in re- fing exireme turbulence?
~=tracting gear, flaps, reducing power?
i 6. Were stanidard or approved- proced-
S~ L 4, Was partial or complete loss of power  ures used in letting down?
expenenced" If so, what action was taken?
7. Was cruise control employed properiy?
5. Did props or engine overspeed on ' T e
takeoff? 8. Was there a willful violation of flying
regulations? Were proper maneuvers being
6. Were flaps or gear prematurely practiced?
retracted?
9. Did astall or spin.occur?
7. Was proper signal given by the pilot
for retraction of gear and flaps? 10. Were onc-or more props feathered?

8. Was safe single-engine speed attained 11. Did pilot feather needlessly?
prior to the first power reduction?
12.  Were external fuel tanks and canopy
9. Was safe altitude attained prior to jettisoned prior to impact?
making first turn?
13. Was aircraft part of a formation?
~10.  Was a turn made without visually
" Naring area? 14. Was proper air discipline observed?
N
11. Were brakes applied after becoming 15. Were proper position reports made?
airborne and prior to retracting gear?
16. Were ATC or ADIZ instructions, if
12. Were landing lights used for takeoff? any, adhered to?
when hey retracted or turned off?

17. Was flight plan followed?

13. What was direction and velocity of
wind in relation to takeoff? 18. Was adequate supervision exercised
by the instructor pilot?
14. Was loss of directional control expe-
rienced as a result of brake seizure, blowout, loss 19. Was clearance properly executed?
of power, or misuse of controls?

20. Was the aircraft operated within the
E-6. IN FLIGHT. limits of the VN, VG diagram?

1. What was the attitude of the aircraft E-7. LANDING.
~rior to impact?
1. Was a waveoff attempted?
N 2. Did the aircraft crash in a dive, spin
(steep or shallow), inverted, or unusual position? 2. At what altitude was decision made
to go around? What airspeed?
Did fire or explosion occur pricr to
3.  Was slipstream encountered?
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4. Was unnecessary drag caused by leav- 2. Was weather encountered as forecast?g
ing flaps down too long, or extending flaps too If not, what was the weather encotntered? T
soon? - S
3. What was visibility on the ground?
5. Was letdown clearance obtained and At flight altitude?
complied with? '
4. Was a listening watch kept on
6 ‘v‘v'cn: bu;‘i pilots comemrating on weather broadcast in flighit?

e g s e

one pilot lookmg for the ground" 5. Was deicing system installed and
functioning properly?

et e b Sor iyt 08 |

3

7. Was GCA used? If

13

6. Did weather, current and forccast,
8. Was ILS being used? If “Yes”, meet existing minimums?
comment.

L 4

7. Was flight VFR or IFR, day or night?

\
| gt

9. Was APCS or other approach aid used?

10. Were proper landing instructions re- E-9. MATERIAL PROCEDURES.,
ceived and complied with?
E-10. AIRFRAME.
11.  Were gear or flaps lowered at exces-
sive speed? 1. Did structural failure appear to have
preceded impact? What was the sequence of
12.  Was trouble encountered lowering failure?
gear or flaps? \__
2.  Were any control surfaces or struc-
13.  What degree of flaps was used? tural parts found at a distance from the main
wreckage? If so, how far? Make a diagram of
14, Were all warning devices functioning all parts in relation to the point of impact.
properly?

3. Did seats break loose on impact?
15.  Where was point of touchdown on Was evidence of structural failure adequately
runway? photographed and desciibéd? (Preserve for de-
tailed study if failure indicates design defect.)
16. Was landing hard?
4. Was there evidence of fire in flight?
17.  Were there skid marks on ground?
What did they indicate? E-11. FLIGHT CONTROL SYSTEM.

18, Did aireraft bounee? If so, what 1. What was the condition of controls,
corrective action was taken? control cables, linkages, boost, and power control
equipment?
19.  Were excessive brakes used? Were
emergency brakes used? 2. Was there any evidence of contami-
nation in the power control system filter elements
E-8. WEATHER or pumps?

1. Was vision impaired for any reason? 3. Was there any evidence of loss of —
control system fluid or pressure?




Y 4. What were trim fab and/or trim tab
\=detuator settings?

5. Was automatic flight control system
(‘ + 1gaged?

R o
g 6. Were there any obstructions to free
movement of thie controls?

£-12. LANDING GEAR.

1. Was there a failure of landing gear or
actuating cylinder?

- 2. Was the landing gear watning device
functioning properly?

3. Were main gear UP and DOWN locks
in place?

4. Was the nose wheel shimmy damper
in position? Was there sufficient fluid?

- 5. If emergency extension was required,
as correct procedure used? Did system function

-~ froperly?

6. Were wheels properly installed and
bearings lubricated?

7. What was the position of the cockpit

(LB 2L R AR Y

E-13. TIRES AND BRAKES.

1. Was there a failure of tire or brake
assembly?

2. Were the tires recaps?

specified thickness?

2.  Were the treads greater than the

4. Were tires and tubes of the correct
ze?

5. Were proper pressures being utilized?

6. Did brakes lock, overheat, or catch

Re—
fire?

NAVAIR 00-80T-67

E-14, INSTRUMENTS.

Wiieni were the flight instruments last

bt
.

chiecked?
2. Was the pitot cover removed?

3. Was pitot heat used?

4. Wert the Instruments properily marked— - ——

for maximum, minimum, and normal operations?

5. What was the altimeter setting on
the pressure altimeter?

6. Was radar altimeter in use? Set on
which scale?

E-15. POWERPLANTS.
E-16. Gas Turbine Engines.

1. What was the position of cockpit en-
gine controls? What were the positions of engine
controls at the engine?

2. Were fuel samples free of contamina-
tion?

3. Was there any evidence of damage
caused by foreign objects?

4. Whas there any ¢vidence of compressor
or turbine blade failure? Compressor stall? Com-

pressor or turbine shaft failure?

5. Was the engine developing power
upon impact?

6. Was there any evidence of failure of
accessory drives, accessories, Or accessory mounts?

7. Was there any evidence of failure of
reduction gear or torque sensing systems (turbo-
props and turboshafts)?

8. Was there any evidence of engine
overtemperature?

9. Was there any evidence of lubrication

E-5

! B 1 "
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failure? What was the condition of lube oil
strainers, pumps, and lube oil samples?

10.  Was there any malfunction of the
afterburner or afterburner controls?

11.  Was thére any evidence of malfunc-
tion of the fuel conirol?

12.  If flameout occurred, was fuel mis-
managed or exhausted?

13.  Was a safety engineering investigation
requested on the engine or components?

14.  What were positions of variable angle
inlet guide vanes and stator blades, and variable
exhaust nozzles? Were positions consistent with
other control settings?

E-17. Reciprocating Engines.

. Was there any evidence of material
failure in engine, such as swallowed valves, cracked
cylinders, loose or damaged exhaust stacks, or fail-
ures in accessory drives or accessories?

2. What was the condition of the super-
charger?

3. What was the condition of fuel from
traps, strainers. and carburetor?

4.  Was lubrication system functioning
normally? Pump, lines, regulator, quantity? What
did lube oil samples indicate?

5. What were blade angles of propellers
and prop governor settings?

6. What were positions of operatin ig COfi-

trols of engine (mixture, rpm, throttles, etc.)?
7. Was there any evidence of engine fire?

8. Were throttle, supercharger, and prop
control levers and linkage in proper conditions?

9. Were carburetor heat doors and con-
trols in the proper position?

E-6

10.  Were oil-cooler shutters, air-scooop, e .
and cowl flaps in proper pasition? s

11. What was the condition of the sp'ark‘
plugs? Did they check out? New or overhaulgg=
Were they an approved model in accordance wit,
current General Engine Bulletins?

~

TZ. Did otier parts of the ignition sy§&
tem check out?

13.  Was safety engineering investigation
requested?

E-18. FUEL SYSTEM.

1. Was the quality and type of fuel
being used suitable, and was. fuel obtained for
analysis?

2. Was foreign matter contained in the
fuel strainer?

3. Was a break or leak found in fuel
lines?

4. Was the fuel supply exhausted? k,

5. Were fuel selector valves and mixture
controls in the proper position?

6. Were gas fuines detected at any time?
What action was taken?

7. Was the jet fuel regulator or carbure-
tor given a functional check?

E-19. HYDRAULIC SYSTEM.

1. Was there any evidence of contamina-
tion in the hydraulic filters or pumps?

2. Was there any evidence of loss of
fluid or pressure from any of the hydraulic
systems?

3. What was the condition of hydraulic
pumps and hydraulic lines?

4.  What were the positions of all hydrau
lic actuators and cockpit controls? Did they

$L13Y
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correspond?

N 5. Was the quantity and4yps of hydrau-
e fluid correct?

6. If one or more hydraulic systems
failed, was power still available to operate primary
flight controls?

E-20. ELECTRICAL SYSTEM.

1. Were generator, inverter, and booster
switches on?

2. Was generator producing proper out-
put?

3. Was ram air turbine or other auxiliary
power source deployed?

4. Was there evidence of open or short
circuits, or arcing in the aircraft wiring?

5. Did fire warning circuits function?

6. Were circuits operating flight controls
functioning properly?

7. Was the cockpit lighting adequate?

8. Were navigation and formation lights

E-21. PERSONAL SAFETY EQUIPMENT.

1. Were shoulder harness and safety
belts fastened at the time of impact?

2. Were emergency exits used? Did they
function properly?

3. Were parachutes used? How many
rere used successfully?

4. When were parachutes last inspected?

5. Were engine or cabin fire extinguish-
\-&rs used or incorrectly used?

6. Were safety belts available for all

NAVAIR 00-807-67

crew members and passengers?

7. Was necessary emergency equipment,
such as Mae West and parachutes available for
type -of mission to be performed?

8. Was oxygen mask in use, recently
cleaned and tested, and functioning properiy?

9. Was oxygen supply adequate? Amount
remaining? :

10. Were converters functioning properly?

11.  What was regulator setting? Date
last checked?

12. Was emergency oxygen (bailout
bottle) used and/or functioning properly?

13.  Was ejection attempted by pilot and
crew member(s). Did seats function properly? If
not, was emergency harness release handle pulled?

14. When was seat last overhauled?
When were charges checked?

15. Were face curtain'locks disengaged
and all safety pins removed from ejection seats?

16. If ejection was sticcessful, did fime
release mechanism; barostat and “G” -

and parachutes function properly?

aivallaava,y

E-22. MISCELLANEOUS.

1. To what frequencies were radios
tuned?

2. Was the proper crew member familiar
with ihe radio equipmeiit lie was expected o use?

3. Were armament switches in the proper
position if bomb bay or external tanks were being
used?

4. Was the visual inflight check made of
ordinance in use?

5. Were all safety pins removed from

E-7
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14.  Did tail rotor strike any .object?

E-23. HELICOPTERS. 15. Did material failure occur in engine, _ .
transmission(s), main drive, tail rotor, or controf® .
1. Was ground resonance encountered?

2. Did loss of airsneed accur at low
altitude?
17.  Were fluid and air pressures in struts
3. Did inadvertent loss of rotor rpm correct?
occur?
18.  Was tire pressure correct?
4.  Was center of gravity within specified
limits?
E-24. MISSING AIRCRAFT/CREW MEMBERS.
5. In cases of engine failure, was alti-
tude sufficient for an autorotation? 1. Was flight plan properly filed and
crew briefed on mission?
6. Was collective pitch reduced quickly
after engine failure? 2. Were all radio-contacts traced?

7. Did main rotor blades fold or fail? 3. Was sufficient fuel available, consid-
ering existing winds on route forecast?

8. Did tail rotor fail?

4. What was existing weather over pro-\-—
9. Did main rotor control linkage fail? posed route?

10.  Was fuselage swinging or rotating be- 5. Were all areas within range of missing
cause of torque? aircraft searched. according to-procedurcs-in-cur-
rent Search and Rescue Manual?
1l. Did drift tip the fuselage and allow
the main rotor blade to touch the ground? 6. Were crew members properly trained
in bailout/ejection, ditching, and survival proced-
12.  Did main rotor blade stall occur? ures?

13.  Did main rotor blades strike ground? 7. Were aircraft emergency beacons and
survival equipment in working order?
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APPENDIX F.

MATHEMATICS FOR INVESTIGATION

F-1. INTRODUCTION

F-2. Finding the cause of many aircraft acci-
dents requires a certain mathematical analysis.
The purpose of this appendix is to provide a com-
pilation of basic information which will be readily
available to the aircraft accident investigator. The
appendix is subdivided as follows:

1. Conversion factors .

2. Natural trigonometric
functions

3. Aerodynamics

4, Performance

. Paragraph F-3

Paragraph F-6
. Paragraph F-8
. Paragraph F-17

CONVERSION FACTORS.
F-4. Table F-1 lists common conversion factors
which may be required during an aircraft accident
investigation. Values in the table are based on

the following conditions:

1. Columns of mercury are at 32°F

~~ and standard sea-level gravity.

2. Columns of water are at 59°F and
standard sea-level gravity.

1ICTC afe ¢

mations that, if remembered by the aircraft acci-
dent investigator, will prove to be a valuable aid
in solving many problems involving speed and dis-
tance. Some of the most commion and useful of
these are shown as follows:

1. 1 mph = 1.467 ft/sec = 88 ft/min

2. 60 mph = 88.0 ft/sec = 5,280 ft/min

3. 100 mph= 146.7 f 00-ft/min

L/SEC=8;8\J g N
4. 1knot=1.689 ft/sec = 101 ft/min=
1.1516 mph

5. 60 knots= 101.3 ft/sec = 6,080
ft/min

6. 100 knots = 168.9 ft/sec = 10,000
ft/min

F-6. NATURAL TRIGONOMETRIC
FUNCTIONS.

F-7.  Table F-2 contains natural trigonometric
functions to be used in aerodynamic, performance,
navigation, and triangulation calculations that may
be required during the investigation,
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Table F<1. Gonversion-Fsctors

|MULTIPLY

BY

TO.OBTAIN.

_MULTIPLY

BY

Atmospheres

Cubic feet

Cubic feet

Degrees (arc)
Dynes

Feet of water

Feet per minute

Fect per second

Gallons, imperial

Gallons, U.S.
liquid

Horsepower

76.0
29.921
33,899
10,332
14,696
2,116.2
1.0133
28,317
1,728
.02831
.08704
7.4805
28.316
.01745
1.020X10°
2.248X10%
7.233X10%
.02940
43353
62.378
304.80
88367
24199
01136
01829
40800
68182
1.0973
30.480
.30480
.59209
277.4
1.201
4.546
231

.13368
3.7853
.83268
128

33,000

Cm mercury.
Inches mercury.
Feet of water.
Kilogm. per sq. m,
Pounds per sq. in.
Pounds per sq. ft.
Bara,

Cu. centimeters,
Cubic inches,
Cubic meters.
Cubic yards.
Gallons.

Liters

Radians,

Grams.

Pounds.

Poundals.
Atmospheres,
Pounds per sq. in.
Pounds per sq. foot.
Kilgm. persq. m.
Inches of mercury.
Cm. of mercury.
Miles per hour.
Kilometers per hr.
Cm. per second.
Miles per hour.
Kilometers per hr,
Cm. per second,
Meters per second.
Knots.

Cubic inches.

U. S. gallons.
Liters.

Cubic inches.

Cubic feet.

Liters.

Imperial gallons.
Liguid ounces,
Foot-pounds/min.

Horsepower (Cont) 550

Inches of mercury
at 0°C.

Inches of water

Miles

Miles per hour

Miles/hr squared
Nautical miles
Pounds per sq. in.

Radians
Radians per sec.

Revolutions
Revs per min,

Slugs

76,040
1.0139
03342
13.595
1.1329
49116
70.727
34532
07356
18683
03613
5.1981
25.400
1.0
1.6889
1.1516
1.8532
51479
5,280
1.6093
86839
1.4667
44704

- 1.6093

86839
2.1511
60802
2.0361
2.3066
06805
703.07
.07031
57.296
57.296
15916
9.8493
6.2832

Pounds/sec

Foot-pounds/sec, ==
Kilogm-meters/sec. %.
Metric horsepower,
Atmosphere,

g

Inches of water.
Feet of water.
Pounds per sq. in.
Pounds per sq. ft.
Kilogm. per sq. m,
In. of mercury.
Cm. of mercury.
Pounds per sq. in.
Pounds per sq. ft.
Kilogm. per sq. m.
Nautical miles/hr.
Feet per second.
Miles per hour.
Kilometers per hr.
Meters per sec.
Feet.

Kilometers.
Nautical miles.
Feet per second.
Meters per second.
Kilometers per hr,
Knots.

Feet/sec. squared
Foet,

Inches of mercury.
Feet of water,
Atmosphores.
Kilogm. per sq. m.
Kilogm. per sq. cm.
Degrees (arc).
Degrees per sec.
Revolutions per sec.
Revolutions per min.
Radians.

2

ft.

F-8. AERODYNAMICS. knots indicated airspeed. When operating at
11,000 Ibs (a ten-percent increase in weight) the
stall speed will be 120 + 6 = 126 knots (a five-

percent increase).

F-9. EFFECT OF WEIGHT ON STALL
SPEEDS. As a rule of thumb: a two-percent
change in weight will cause a one-percent change
in stall speed. As an example: an airplane at
10,000 Ibs has a 1-G wings-level stall speed of 120

F-10. EFFECTS OF BANK ANGLE ON STALL‘.&?
SPEED. Using table F-3 for reference, the stall

F-2




Table F-2. Natural Trigonometric-Functions

ANGLE _ SINE COSINE  TANGENT | ANGLE _ SINE ‘COSINE  TANGENT |
0.000 1.000 0.000 46° 719 695 1036 -
018 1.000 018 47° 31 .682 1.072
035 0:999 035 480 743 569 1.111
052 955 0582 1 490 55 658 1.150
070 998 .070 50° 766 643 P 7
087 996 .088 51° a7 629 1.235
105 995 .105 520 .788 616 1.280 -
122 993 123 53° 799 602 1.327
-139 990 141 54° 809 588 1376
.156 .988 A58 | 559 819 574
174 985 176 56° .829 .559
191 .982 94 | 579 .839 545
208 978 213 580 .848 530
225 974 231 599 857 515
242 966 249 60° 866 .500
259 .966 .268 61° 875 485
276 961 287 620 883 470
292 956 306 63° 891 454
309 951 325 64° 899 438
326 946 344 65° 906 423
342 940 364 66° 914 407
358 934 .384 67° 921 391
375 927 404 68° 927 375
391 921 425 69° 934 358
407 914 445 70° 940 342
423 908 466 710 946 326
438 .899 488 720 951 309
454 .891 510 730 956 292
470 883 532 749 961 276
485 875 554 75° 966 259
500 .866 5717 76° 970 242
515 857 .601 77° 974 225
530 848 625 738 978 208
545 .839 649 79 982 191
559 .829 675 80° 985 174
574 219 .700 81° 988 156
.588 .809 21 820 990 139
.602 799 754 830 993 122
616 788 781 84° 995 .105
.629 JT77 810 850 996 .087
643 766 .839 86° 998 070
656 155 869 870 999 052
669 743 .900 88° 999 035
682 731 933 89° 1.000 018
695 719 966 90° 1.000 000
707 707 1.000
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Table F-3. Effect of Bank Angle on Stali Speed

-+ BANK ANGLE

Bl

I

't O degrees

15 degrees .
30 degrees .
45 degrees .
60 degrees .
75 degrees .
| 80 degress .

speed in a bank may be found once the wings-
level 1-G stail speed in known.

1. Angle ¢ in figure F-1 is the bank
angle in a steady turn. For these conditions the
number of G's developed may be found by:

Gs = ——=

cos @ = Sec o

2. Since the stall speed varies as the
square root of the G’s developed, a table may be
made of G’s and stall speeds versus bank angle
(sce table F-3).

F-11. RATE OF TURN AND RADIUS OF
TURN. The rate of turn and radius of turn can
be computed by the following formulas. The air-
craft type has no direct effect as the main varia-
bles are airspeed and bank angle.

l.  Radius of Turn. (See figure F-2.)

-

R = 1126 (an &)

Where: R = turn radius. ft
V = true air speed, kts
¢ = bank angle

Rate of Turn.

a. R.OT.=573 % (degrees/sec).

I

I3

.
/1 W

’

|

»~

=

¢ b o] bavieaee &

.l

26 Iy S ¢ 1

1o

Figure F-2. Radius of Turn

b. Also, ROT. = ’°9lvfa" $)

F-12. ICE HAZARDS. Ice and frost always con-
stitute hazards in the operation of aircraft. Of
course, any icing which will cause a definite change
in the contour of the airfoil surface will increase
the adversity of the pressure gradient in that area
and increase the possibility of scparation of the
airflow from the airfoil surface. Therefore, an
aircraft encountering icing severe enough to cause
separation will experience a definite increase in
drag and stalling speed. A further hazard lies in
the formation of ice on fuselage structures which
may slough off into engine intakes. This “soft”
FOD has been responsible for a number of
mishaps.

F-13. The usual comparison between rime and
clear ice, as shown in figure F-3, is usually to the

effect that both types of icing result in a loss of\, 3

airfoil effectiveness but that clear ice is definitely
worse since it forms a large mushroom shape at
the leading edge. Of course, this is true, but the
impression most frequently conveyed is that only
ice formations which result in a definite change

—

I
e
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+CLEAR ICE

Figure F-3. Ice Farmation

in airfoil shape can cause severe changes in airfoil
effectiveness. This impression usually results in a
lack of understanding of how frost may cause a
toss of sirplane performance.

F-14. Separation of the airflow from the surface
is governed by two factors: 1) energy of the
boundary layer, and 2) severity of the adverse
pressure gradient. In the case of the mushroom
type of ice formation, the pressure gradient is so
severe that separation results. In the case of rime
ice or frost, a natural buildup of the boundary
layer is precluded by the severe roughness of the
surface. The surface may not appear to be ex-
aemely rough to the touch but a slight amount of
roughness may be quite severe for such a thin
layer of air as the laminar boundary layer. When
a natural buildup of the boundary layer is not
possible, the energy of the boundary layer is very
low and early separation is a result. The forma-
tion of frost on an airfoil will also increase the
friction drag considerably and cause separation
and incipient stall at a much lower angle of attack.
Thus, rime ice and frost may have the same result
as the leading edge mushroom type formation of
clear ice, but at a lesser degree.

F-15. In the case of rime ice, clear ice, or frost,
there will be an incipient stalling of the airfoil.
The maximum lift coefficient will be much lower
which means that the siaiiing speeds of the air-
craft will be much higher. Also, the angle at
which the airfoil will stall will be much lower.
Jigure F-4 illustrates these effects.

F-16. A question which always arises is — how
much frost, ice, or snow must accumulate on an
aircraft to create a hazard? Actual limitations de-
fining a hazard are very hard to find. Of course,
any frost, ice, or snow constitutes some degree of

-COEFFICIENT
OF LIFT

NAVAIR 00-80T-67

N Te): ]

NORMAL CONDITION - _ P
ARA 0o \/A\
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//

y

ANGLE OF ATTACK

Figure F4. Effects of Icing on Lift Coefficient

hazard. If operations are such that therc is no
ice or frost removal apparatus available, then take-
off and landing speeds should be made as high as
is practical for the operations and the aircraft but
rarely more than a 20% increase. Icing conditions,
furthermore, may cause mechanical interference
with the proper operation of flight control sur-
faces, particularly lift enhancing devices such as
leading edge slats or slots, as well as with landing
gear, antennae, and other external mechanisms.
There are several references which contain more
specific information concerning drag rise due to
ice and frost formation, stalling attitudes, etc.
The best of these are reports of the National
Aeronautics and Space Administration (Washing-
ton, D. C.), Technical Notes NACA TN 2962,
2212, 1598, and 1084.

F-17. PERFORMANCE.

F-18. THRUST vs. RPM. For a typical fixed
geometry axial flow turbojet engine, thrust varics
approximately with rpm raised to the 3.5 power or

LS
N

Where: thrust in pounds
N % rpm

This can be used to write the following expression:

T @ 90%rpm _ (90% rpm)>*
T @ 100%rpm 100% rpm

|
Bl b e e i Sy
. ATttt sl
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Transposing and rearranging this relation gives:
T @ 90% rpm

69.4% T @ 100% rpm

NOTE

This expression describes the thrust
vs. rpm curve fairly accurately in the
upper limits of the curve only. For
rpm’s lower than 70%. this expres-
sion is not valid.

A good rule of thumb for thrust vs. fpm is: a
one-percent Joss of rpm results in a 3-%4% loss in
thrust. Thus:

100% rpm = 100% thrust
90% rpm = 70% thrust
80% rpm = 45% thrust

F-19. For jet engines equipped with variable
nozzles, multi-spool compressors, variable stator
blades, cte., a typical thrust vs. rpm relation is:

T ~ NS
Representative approximations in this case are:

[00% rpm = 100% thrust
90% rpm = 50% thrust
80% rpm = 35% thrust

F-20. PROPELLER SCARS TO SOLVE UN-
KNOWNS. It is sometimes important to know
the speed of an aircraft or the rpm of the engine
at the time an accident occurred. Formulas
which provide this informaticn for reciprocating
and turboprop engines are as follows:

F-21. Reciprocating Engines.

I. To solve for ground speed when en-
gine rpm is known:

(T @ 100% rpm) (.9)%*
I3 (T@ 100% rpm) XJ .9

ey R

Where N = number of propellerblades —~u
d. = distance between scar marks, f{e="
GS = ground speed, knots.

2. To solve for engine rpm when groundg- . -

i

speed is known:

GS X gear ratio X 101.3
N x d

F-22. Turboprop Engines. Turboprop engines
operate at a constant rpm, varying thrust by
varying turbine inlet temperature. The appioXi-
mate ground speed can be determined by assum-
ing the engine is operating at its rated -engine
speed.

= Engine tpm

RES x N x d
Gear ratio x 101.3

= GS

Where: RES = Rated Engine Speed, rpm

F-23. LIFT REQUIRED DURING POSITIVE G
MANEUVERS. The lift capability of the wing
varies directly wjth the velocity squared. This
can be used to write the following expression:

L (req. for G desired) =
L (at 1-G stall)

[V (knots, IAS req. for G desired)]?
[V (knots, IAS at 1-G stall}]2 -

Assume 1-G stall speed = 100 knots, and you want
to know the speed required to produce 2-G lift

on the airfoil. In this case, L = ] at stall and

L = 2 at required G desired. Substituting these
values in the expression gives:

2_(v”®
1 100
\Y 100X v 2

V = 141 knots to produce a 2-G lift N

F-24. LANDING AND TAKEOQFF RUNS. Often

it is of interest to determine the speed of an air-

craft at some point during takeoff or landing roll. e
The matter of an exact calculation of an aircraft’s




.
¢

speed dﬁﬁﬁg the roll is quite an intricate process

= but for purposes of approximation, several sim-

F

z

L]

that the acceleration, or deceleration, of an. air-
craft is constant throughout the roll, the speed

- then varies as the square root of the distance~—or,
conversely, the distance varies as the square of

~. - the velocity, The following equations express this

mnthacandtian] facens
TUITIRATIIWILIALIVARL IILILLT

As an example, assume that a turbojet aircraft
normally would take off at 120 knots and re-
quire 3,600 feet. What would be the approxi-
mate speed of the aircraft 1,800 feet after begin-

- ;ﬁng normal takeoff roll?

(.707) (120)
85 knots

This approximation would be relatively accurate
for a turbojet aircraft since the acceleration is
fairly constant throughout the takeoff roll. In
applying this approximation to the reciprocating
engine driven aircraft, the velocity computed
would be less accurate since the propeller driven
aircraft has a higher acceleration in the low speed
wge than in the high speed range of takeoff roll.

~__ -lowever, the approximation could be applied,

then the result revised upward as experience dic-
tates.

plifying assumptions can be made. If it is assumed

NAVAIR 00-80T-67

F-25. In applying these cquations o landing
roll, it must be remembered that the distance ratio
8 . T,
== will be the ratio of the distance bétweén the
1

aircraft and stopping point to the normal landing
roll distance. As an example, assume that an air-
craft touches.down-at 100-knots-and requires

TRV R W TNaIVIO-as Vi sarvot

2,800 feet to stop with the nse of hrakirig. What
would be the approximate speed of the aircraft
2,100 feet after a normal touchdowin?

¥E

SZ
5,
v, [0

700 V 2800 ~ VB =S

v, .5(100)
v, 50 knots

Of course, the application of this approximation
for computing speed V, during landing roll-out
will be in error only by the amount which the
deceleration is nonuniform. In other words, the
approximation would be in great error when re-
verse thrust or drag-chutes are used for some
portion of the landing roll.

F-26. OQverspeed Touchdown, It can he praven
that a ten-percent velocity increase at touchdown
will result in a 21% increase in landing distance.
The following expressions can be used to approxi-
mate the landing distance required for an over-

speed touchdown:

1.

Where: S, = Landing distance at normal

touchdown velocity = 4,500 ft.

S, = Landing distance at excessive
touchdown velocity.

V, = Normal velocity at touch-
down = 120 kts.

V, = Velocity at touchdown =
132 kts (110% X 120 kts).

vl N —
e e o W o | S
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By substitution:

3500 (fzﬁ)’ km‘ k}(){}- )

S, = (1.21) (4500) = 5,445 ft.

Therefore, the total trave! at overspeed is 5445
feet, which is. 21% greater than normal landing

distance.

2.  Speed at Touchdown:

1.1 (120) = 132 kts.

132 - 120 = 12 kts. overspeed

F-27. Effects of Wind on Takeoff and Landing
Distances. This is extremely important. The ef-
fect can be cstimated by the following equation:

Sw _ (t-vw
So A\

Where. Luanding or takeoff dis-
tance when a headwind

is blowing, feet,

Landing or takeoff dis-
tance with zero head-
wind. feet,

Wind speed, knots.

Aircraft landing or take-
off speed. knots

If the wind velocity is 30 knots and the landing
speed is 120 knots as in the previous problem.

Sl = — ﬁ)_ 2 = 2 =
o (l |20> (1 - .25y = .565

a reduction of 44 percent from the landing or )
takeoff roll without wind,. certainly enough to be 5.

of concern to-the pilot. A good rule of thumb i ¥

g wind -of -onc-percent of the takeoff speed will
cause-a two-percéiit change in distancednrthe-direc-
tion of the wind. The same holds true for
landing.

F-28. Refusal Speed. With the advent of high-

petformance aircraft requining fong distaficesfor—

takeoff and landing, the matter of speeds for
safely aborted takeoff has become more impor-
tant, The highest speed reached during takeoff
which will allow a safe stop on the remaining

aircraft is above the refusal speed and an emer-
gency is declared, the aircraft is.committed to
takeoff (if possible) or to make an unsafe stop.
Refusal speeds given for various flight conditions
account for the use of all braking capabilities
possible. However, for multi-engine aircraft which
have reverse thrust available, refusal speeds are
usually computed assuming partial power loss
such as only two engines available for reverse
thrust in a four-engine aircraft. If the pilot of a
four-engine aircraft should decide to abort take-
off due to loss of power from one engine, only'
two of the remaining three powerplants could be
used for reverse thrust in order to maintain sym-
metry of power.

F-29. If the performance of thé dircraft and the
iength of runway availablc are known, the refusal
speed can be approximated. The distance traveled
in accelerating up to the refusal speed plus the
distance required to slow down from the refusal
speed must equal the runway available. If uni-
form acceleration is assumed, the following equa-
tion will approximate the ratio of refusal speed to
takeoff speed.

Vr - [ Ra
Vi Vio :

\f

Where: V. = Refusal speed,

r

V., = Takeoff speed,

to




R, = Runway available,

-~
(S §,, = Takeoff distarice,

I

S, = Landing distance (at

R same weight as V,, and

S,, using all availablé

R braking action),

V.

Landing speed (at same
weight as V,, and S,;)

1. The refusal speed can also be found
by graphical means as shown in figure F-5.

2. As the numerical €éxampie, assuine
that the following information is given and it is
required that the refusal spééd (V,) and refusal
distance (S,) be computed.

V,, = 120 knots

to
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= 4,000 feet

V; = L10-knots
§, = 5;000fest ]
R, = 8,100 fcet; no: wind
v, _ fl R
Vio Sw * Sy | Ve
Vl
vV, . [_3100
120 120_2-

J:4000 + 5000 (——

—
—
(=]

VELOCITY

>

VELOCITY ~

‘\ “

DISTANCE

R,

Figure F-5. Takeoff Resufal Speed
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= (.9) (120)
= 102 knots

As the distance-varics as the square of the velocity,
the refusal point on the runway may be found by:

= [ Vi \2 = .81

5 Vol

3. Indicators or markers could be placed
at the refusal point on the runway to serve as an
additional check. If the refusal speed is gained by
the time the refusal point is teached, there is then
proof that the aircraft is accelerating normally.

4. Whenever operating weights, atmos-
pheric conditions, or runway lengths are altered,
a new refusal speed should be found accounting
for these factors.

5. Remember that these figures are ap-
proximate and do not allow for decision time,

REGION OF

shutdown time,.and brake application. time.

F-30. REGIONOF REVERSE COMMAND. By &

examination of a typical speed-power required
clirvé it is séen that within a ceértain speed range
it is possible for an aircraft to maintain eithcr of .

two speeds for a given power setting. In other #7 7 |
words, there are two points at which power avaiftme

able equals power required. Flight at either of
these points will differ with respect to airpseed
and angie of attack — and one other matter re-
ferred to as speed-power instability,

F31,  Asshown-in-figurc-F=6; the-powerrequired
for flight is high at stall speed and steadily de-
creases ‘with airspeed until the -point-of minimum
power required is reached. At speeds above the
speed for minimum power required the power
required for flight begins to increase. The speed
range above the speed for minimum power re-
quired is: called the region of normal command
since an ‘increase in airspeed requires an increase
in power. In this speed range, parasite power re-

REGION OF
NORMAL COMMAND

REVERSE COMMAND \

i
|
i
|
|

REQUIRED
AVAILABLE

HORSEPOWER{

VELOCITY

Figure F-6. Region of Reverse Command
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#~quirements predominate. The speed range be-

‘—tween-stall speed: and minimum power required

‘speed is-called the region of reverse command

sifiéé dn incréase in airspeed will fesult in a de-
«ease in the power required for flight. In this
seed range induced power requirements

“~-predominate.

F-32. To investigate this maifer of speed-power
instability, consider the case of an aircraft with
the power available as shown in figure F-6. This
could be the case of an aircraft with all power-
plants operating at power settings less than full
throttle or-a-multi-engined aircraft-during an emer-
gency with engines out and the remaining power-
plants operating at near full power. With the
particular power available, the aircraft should be
able to maintain steady level flight at either point
A or point B since at these points power available
equals power required. Flight at point A offers
no problem in that the speed-power relationship
would be favorable, tending to hold the aircraft
at point A. If a gust or control movement were
*a place the aircraft at an air-speed higher than
the power required would be greater than the

_-Swer available and the aircraft would tend to

slow back down to point A. The aerodynamic
forces on the airplane would help to reestablish
the airspeed at A. If the aircraft were placed at
an airspeed lower than A by some disturbance,
the power available would be greater than the
power required, tending to accelerate the aircraft
back to point A. Hence, flight at point A would
be very stable with the aircraft tending to hold
its airspeed and could easily be flown “hands
off.” Flight at point B would offer some prob-
lem because flight is being conducted in the re-
gion of reverse command. If a gust or control
movement were to place the aircraft at an air-
speed slightly higher than B, the power available
would be greater than the power required and the
aircraft would tend to accelerate away from point
R. Of course, the aerodynamic forces on the air-
ft are resisting this change in airspeed, but for
st aircraft the resulting airspeed variation
would be large if the aircraft was flown “hands
off.” If the aircraft was placed at a speed slightly
lower than B by some disturbance, the power re-
~ired would be greater than the power available
and the aireraft would tend to continue losing

NAVAIR 00-80T-67

airspeed. This is the speed-power instability ex-
perienced. by an.aircraft being flown in the region
of reverse-command and-is-often-referred to-as-flight
on the backside of ‘the power curve. Flight in this
region will require close and constant attention to
airspeeds and power settings since any deviation

in airspeed tends to bring about even larger
deviations.

F-33. There are only a few particular conditions
of flight at altitude which require flying in the
region of reverse command and, in general, flight
in this region should be avoided if possible. Of
course, every aircraft must be flown through this
region after takeoff and on final approach to land-
ing. Other potentially dangerous circumstances
which can lead to flying in the region of reverse
command are:

1. Extremely high weight condition,
2. Loss of power available,

3. Pilot’s lack of attention concerning
airspeeds and power settings.

F-34. Again referring to figure F-6, assume the
curves may be applied to the case of a four-engine
aircraft during an emergency landing with two en-
gines out. During final approach, assume that
with the remaining two engines at full power the
speed ig established at point B, If the pilot al-
lows the airspeed to drop below point B, the only
way the airspeed will be regained is by a sacrifice
of altitude. If the speed drops bclow point B
and an attempt is made to hold altitude, the air-
craft will continue to decelerate and approach a
stall.

F-35. Under normal landing conditions, when
€XCess pOWET is available during an approach, any
flight in the region of reverse command should

be made with two primary rules in mind. They
are to control the altitude with the throttle and
the airspeed with the stick. Flight in the region of
reverse command in itself is not dangerous and
can be accomplished safely. However, the matter
of speed-power instability is to be reckoned with
and any variations in air-speed allowed, coincident
with a loss of power available, will present dan-

F-11
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gerous circumstances.

F-36. Turbojet aircraft ﬂymg in the region of
reverse command can-also be said to be flying on
the backside of the drag curve. The region of re-
verse command extends from the stall speed to
the minimum drag speed. Flight in the region of

reverse command.may be more difficult even un- P
der-normal power conditions since the situation. [ %
is aggravatéd by the rexa“ivcly' fow accelération: of
the turbojet engine aid the relatively ;a;g?-é?wd
range over which the reverse command is in
effect.
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) APPENDIX G.

- TECHNICAL ASS!

G-1. GENERAL.

G-2. In those aircraft accident investigations

2 'here determination of cause factors appears to

2 beyond the technical capabilities of the mem-
“bers of the aircraft accident board, technical as-
sistance is available to the board upon request of
the controlling custodian via the cognizant im-
mediate superior in command. Complete instruc-
tions regarding the correct procedure for request-
ing technical assistance are promulgated in the
OPNAYV instruction governing aircraft accident
- reporting procedures.

G-3.  Sources of technical specialists for assist-

. ance in aircraft accident investigations include
airframes manufacturers, aircraft engine manufac-
turers, aircraft component and accessory manu-
facturers, naval air rework facilities, aeromedical
laboratories, National Bureau of Standards, and
naval laboratories and development centers. Sug-
gestions for the best utilization of these sources
~f assistance are listed in the remaining paragraphs

this section.
—
G-4. AIRFRAME AND ENGINE
MANUFACTURERS.
\—G-5.  Various factory representatives are sta-
tioned at all naval air stations—especially where

w

TANCE

large numbers of a particular type of aircraft are
operating. Time and time again, these represen-
tatives have been of most valuable assistance to
the members of aircraft accident boards. They
are anxious to be called upon for assistance. Dur-
ing the course of an investigation they will be of
the most valuable service in the following ways.

1. To assist in the identification of parts
during the aircraft wreckage reconstruction phase.

2. Providing information as to the latest
changes in production aircraft by Bureau number.

3. Identification of the subcontractor of
aircraft components and accessories and liaison
with the subcontractors through the prime
contractor,

4. Information as to the functioning of
aircraft systems.

5. Direct liaison with the manufacturer.
6. Specific technical information stem-
ming from design, manufacture, and assembly

problems.

7.  Access to independent testing labor-
atories through the manufacturer.

[l il bl
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G-6. NAVAL AIR REWORK FACILITIES.

G-7.  Each naval air rework facility is designater
as a depot activity for certain types of aircraft;
engines, and cquipment. (See OPNAVINST
4790.2A for designated NARF for a specific air-
craft, engine, or equipment.) As such, by their
possession of speciﬁc facilitles, tools, and _person-

semblmg, inspecting, and testing spec1t' ¢ aircraft
and aircraft components. They do not possess
the facilities for detailed engineering, detailed
testing, and laboratory analysis as does the manu-
facturer. Generally, they possess adequate facili-
ties for the testing of standard items of Govern-
ment-furnished equipment. They also maintain
specialized testing capacity of items common to
all types of aircraft. They will usually be of the
most service to an aircraft accident board, for
specific requests such as:

1. Safety engineering investigations.

2. Check, test, operation, and type of
procedures for which they are the assigned depot
activity.

3. Determination of type failures.

4. Examination and analysis of recov-
ered instruments.

G-8. It is important that the depot activity be
furnished the complete units for disassembly. En-
gines sent to depot for a safety engineering inves-
tigation should include all associated system
components.

G-9.  Proper procedures for requesting technical
assistance or a safety engineering investigation in-
ciude a specific message request to the cognizant
systems command agency to determine the cogni-
zant rework facility and shipping instructions. In
these cases, material receipt will be obtained from
the rework facility. On completion of the inves-
tigation, the material will be returned to the re-
porting activity, scrapped, or tumned in to the
naval supply system, in which case a copy of the
document showing disposition will be forwarded

G-2

G‘IO Rework facxhtxeq will place such material fii

ami 1mp ctzen: Ex tracrdmaz‘, ».,ffcrt xu!i:»ba made
to complete the work and siibmmit the safety en-
gineering investigation report in the shortest po3
sible time. The report will be sent to the origi-
nating activity and such other addresses as may
be designated on the Fur Screen Tag, with copies
to the Commander, Naval Air Systems Command
and to the Naval Safety Center. Reference must
be made to model aircraft, Bureau number, date
of occurrence, and reporting activity aircraft ac-
cident, incident, ﬂight hazard, or ground accident

ranort gen
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G-11:. Technical assistance rendered to the air-

craft accident board by technical specialists ob-

tained under these provisions is advisory only in
nature, and in no case will the technical special-
ists be considered as members of the board, nor
will the board be required to accept any conclu-
sions or decisions arrived at by the technical

specialists.
<
CAUTION ¢

The following considerations must
be adhered to in order that maxi-
mum benefit is derived from the
safety engineering investigation.

1. Do not attempt the disassembly and
reassembly of components prior to sending to
the NARF for safety engineering investigation.

2. Many parts requiring safety engineer-
ing investigations are lost in shipment. Be sure
to send all shipping data to the NARF in order
to facilitate the recovery of missing shipments,
and to mark shipment well.

3. Aircraft engines shipped to NARF
for safety engineering investigation must include
the necessary accessories (fuel pumps, carburetorsy
etc.).

4. In the history of the failed part or

uomponent imlude as much data concerning the ‘e

If at all feasible, have a
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board member accompany the components to
€ Je NARF.

G-i2. AEROMEDICAL LABORATORIES.
B
" 8. Technical assistance for aircraft investiga-
~ .1 boards may be necessary when a particular
phase of the accident under investigation requires
specialized talents or laboratory facilities for
proper analysis. The following listing inciudes
naval facilities and their principal related special-
ized interests.

1. Naval Air Development Center, War-
minster, Pennsylvania—Acceleration problems,
structures, and cockpit instrumentation.

2. Naval Aviation Equipment Laboratory,
Philadelphia, Pennsylvania—Safety, survival, and
protective equipment, human engineering design
problems.

3. School of Aviation Medicine, Pensa-
cola, Florida—Aviation medicine and psychologi-
aroblems.
~ 4. Naval Safety Center, Norfolk, Vir-
ginia—Accident investigation, statistical assistance,
and technical information.

5. Naval Electronics Laboratory, San
Diego, California—Human engineering.

6. National Naval Medical Center, Be-
thesda, Maryland—Analysis of blood and tissue
specimens.

7. Armed Forces Institute of Pathology,
Washington, D.C.—Analysis of blood and tissue
specimens,

8. Armmed Forces Medical Laboratory
Facilities—As outlined in BUMED INST 6200.1 -

NAVAIR 00-80T-67

Pathological assistance,

G-14. NATIONAL BUREAU OF STANDARDS.
G-15. In specialized cases wheré the time and
effort is merited, special studies of controversial
components can be requested of the Bureau of
Standards. Their capabilities include chemical
and physical analysis-of paint, fuel, oxygen, oils,
metals, rubber, synthetics, and numerous other
substances common to the manufacture and oper-
ation of aircraft. These facilities are available
through the technical bureau concerned.

G-16. NAVAL LABORATORIES AND
DEVELOPMENT CENTERS.

G-17. Members of aircraft accident boards will
seldom be required to request assistance from
these sources. However, they should know that
special assistance is available from the various
ordinance, photographic, electronic, material, etc.,
research and development centers through requests
of the technical bureau concerned.

G-18. NAVAL SAFETY CENTER.

G-19. The Naval Safety Center is an excellent
source of technical and statistical assistance in ac-
cident investigations. Trained and experienced
investigators from the Naval Safety Center can

aid in all phases of the investigation as well as
provide technical and statistical information. Re-
ports from previous accidents are stored on a com-
puter at the Naval Safety Center, and the aircraft
accident board can request a printout of data on
similar accidents for use as a guide to potentially
fruitful avenues of investigation. This can be es-
pecially valuable in hole-in-the-ground accidents,
and accidents where there is no wreckage available.

G-3/(G-4 blank)
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APPENDIX H.

CHARACTERISTIC FAILURES IN METAL

H-1. FATIGUE FAILURES

H-2. Fatigue is simply the progressive failure of
a part under repeated loading. Fatigue is not a
« ¥ew problem. In fact, it dates back to the time

«__when metallic materials were first used for struc-

tural components. As early as 1858, Wohler, one
of the earliest researchers in the field, concluded
after conducting many tests, “Wrought iron and
steel will rupture at a stress not only less that the

ultimate static strength of the material but even

less than the elastic limit, if the stress is repeated
a sufficient number of times.” This finding is as
true today as it was then.

H-3. IMPORTANCE OF FATIGUE IN AIR-
CRAFT ACCIDENT INVESTIGATIONS. There
are a number of reasons why fatigue is assuming
more and more importance in aircraft design and
Opefﬁtiﬁﬁ In the \.auy duyo of aircraft d\,s.gr:,
maneuver loads were the only ones used to de-
sign the airframe. Gust loads were completely
disregarded in design until the thirties. The
trength that an aircraft had to have in order to
sithstand the intentional maneuvers, such as
“sharp turns and pullups from a descending flight
path, was adequate to cover gust loads. As trans-

ports grew larger, they were being maneuvered

more cautiously, and the design maneuver loads

a e L8N, =Rl AL Lk

were uorrespondmgly reduced. [t then became

necessary to include in the design an investigation
of the strength under the load imposed by single
but severe vertical gusts. The gust design require-
ment is the one previously explained.

H-4. Unsatisfactory service experience in air-
craft has brought the fatigue problem to high
priority, especially that aspect of the problem
dealing with the cumulative effect of repeated
gust loads. The emergence of fatigue as a design
roblem in airframes steme from the opnpral trend
of development in aviation. Aircraft are becoming
ever larger, heavier, and more expensive. Flight
speeds are ever increasing. Longer life and higher
speeds mean more miles covered; consequently,
more gusts encountered. Higher airplane speeds
mean higher loads for a given gust velocity. More
refined methods of design for static strength
bring about a reduction of the so-called hidden
factors of safety. Finally, dovelopment in mate-
rials has brought about improvements in the static
strengths of the materials, but unfortunately, with-
out commensurate improvements in the fatigue
properties.

H-5. RECOGNITION OF FATIGUE FAILURES.
The term fatigue failure is normally applied to
those fractures that are caused by repeated load-
ing at a calculated stress considerably lower than
would be required to cause failure under a single

e sty adwe gemt

Moot

- T o | AR G MRS S KPS ONIOTE SN AT A RO
. .. i e g ogea PR

————— e A




NAVAIR 00-807-67

load application. The complete story of a fatigue
failure is in almost all cases set forth on the face
of the fracture. In other words, much valuable
information relative to the magnitude and direction
of loading and to the presence or absence of
stress concentrations can be developed through a
careful study of the fractured surfaces. Interpre-
tation of the fracture, however, may not always
be a simple matter, because each case may be in-
fluenced by many variables. Some contributing
factors such as decarbonization can only be veri-
fied by laboratory examination. In many cases,
on the other hand, the cause can be pinpointed
in the field by careful study of the fracture alone.

H-6. Fatigue failures occur without perceptible
ductility, as contrasted with static failures where
considerable ductility or necking down generally
takes place. This distinction is often helpful in
isolating a part which has failed from fatigue. All
brittle failures, however, are not necessarily
fatigue failures, and this feature must be used
with other features to be described before a final
determination is made. In addition, most fatigue
failures (some torsion fatigue excepted) occur on
planes which are at right angles or nearly at right
angles to the loading. On a large number of parts,
the fatigue plane will be perpendicular to the axis
of the part, and in the fatigue area the fracture
will generally be in one plane. Irregular fractures,
therefore, when the fracture siips from ong plaite
to another and when these planes are very much
different from a plane perpendicular to the load-
ing or to the axis of the part, are very probably
not fatigue fractures although close examination
is often required to see if some small area on the
fracture does not conform to the basic requisites.
The two features of a fatigue fracture referred to
in this paragraph are extremely useful in ferreting
out a fatigue failure from a large number of fail-
ures. In fact, in those cases when the fractured
surfaces are mutilated from subsequent damage,
these features may be the only ones available to
distinguish between fatigue and static failures.
Having both halves of the fracture available so
that the sections can be carefuily fitted together
and studied is almost a necessity in making de-
terminations of this type.

H-7.  As indicated previously, the most valuable

information is contained on the fracture surface £ 3
itself. The actual fatigue fracture surface is-com-
posed of two distinct regions: onesmooth and
velvety —the fatigue zone; and the other coarse
and crystalline - the instantaneous zone. (See fig:-
ure H-1.) The smooth velvety appearance of the
fatigue zone is caused by the rubbing of the mait-

Figure H-1. Typical Fatigue Fractures
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“repeated loading. The coarse appearance of the

instantaneous zone has given use to the erroneous
“crystallization theory.”* For many years, people
~sxamining fatigue fracture or in discussing it
Je accustomed to say that the part had “crys-

“tallized.” Metallurgically, it is untrue that this
part of the metal crystallizes under fatigue loading,

H-8. The first task, then, in searching out a
fatigue failure is to look for the two distinct
types of zones on the fracture—the fatigue zone
and the instantaneous zone. In many fractures,
more than one fatigue zone will often be found,
indicating that several fatigué cracks had devel-
oped and were progressing at the time of the
final failure. In each fatigue zone, the origin of
the fatigue crack can be found by locating the
center of radiation of the fatigue waves. These
fatigue waves are variously known as “clamshells,”
“oyster shells,” or “stop marks,” and are found
in almost every service fatigue failure. It should
be noted here that in some instances, notably

ere certain aluminum alloys are involved, the

3ue progresses without leaving distinctive wave
markings, although in these cases, the fatigue area
can be identificd by its smooth, rubbed, velvety
appearance. In some cases, secondary techniques
such as examining for absence of ductility and
single failure planes approximately perpendicular
to the louding or for the presence of stress con-
centration must be used to isolate a fatigue frac-
ture. Any suspicious or dubious fractures should
be referred to a specialist for confirmation.

H-9.  The many wave lines or bonds in a typical
service fracture are caused by various degrees of

rubbing as the crack either stops for certain peri-
ods or progresses at a varying rate under different

stress levels. For this reason, the term stop marks
as it ic applied to the fatigue waves is perhans
more pictorial than the other two commonly
-~d expressions since it indicates a hesitancy in
‘rack progression. Laboratory fatigue speci-
_ .t tailures very seldom show stop marks be-
cause the loading is almost always at a constant

level.

~.0. In the following sections, the appearance
of the fatigue fracture under various types of
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loading is illustrated, and the information: that can
be learried from an analysis of the markings-is
briefly discussed. It shiould be feiterated that
fracture analysis. as such is a cofiipiéx proviem

and that this handbook cannot hope to cover all
of the countless variations. However, knowledge
of the material in the following sections should
enable the investigator to recognize and diagnose
the majority of service fatigue failures that he is
likely to encounter.

H-11. BENDING FATIGUE. Bending fatigue
failures can be divided inio three general classifi-
cations according to the type of bending load im-
posed. These three types aré oné-way bending,
two-way bending, and rotary bending. Most severe
bending fatigue will fall irito one of these
categories.

H-12. One-way bending results when a fluctua-
ting bending stress is imposed on a part already
loaded with a steady stress—either tension or com-
pression. Under this type of loading, the stress

at one point on the outer e€cge of the piece gen-
erally is at a maximum and a fatigue crack will
start here if the stress is above the endurance

limit and if it is repeated long enough (see figure
H-2). Under two-way bending loading, the stress
on both sides of the neutral axis is the same and,
when the stress level and number of loadings are
of the right order as before, cracks will start on
either side of the part and progress toward the
center (see figure H-3). Rotary bending occurs
when a part is rotated while under a bending load-
ing. A typical example of rotary bending would
be an engine crankshaft or a railroad axle under
service loading (see figure H-4).

H-13. The stress leve! affects the relative size of
the fatigue and instantaneous zones. When the
stress level is low, the fatigue zone is large and
vice versa. Stress concentration affects the gen-
eral curvature of the fatigue waves or stop marks.
In all cases of fatigue under bending loading, the
radius of curvature increases as the crack progresses
inward. As the stress concentration increases
from a value of 1.0 (no stress concentration) up
to some high value, the curvature of the stop
marks increases markedly and at the very high
stress concentration, the curvature becomes con-

H-3
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Figure H-2. One-Way Bending Fatigue

veX insiead of concave. The displacement of the
stop marks shown for the rotary bending case is
associated only with this loading and is known as
crack slip. This slip or turning around is against
the direction of rotation and this point can be
used to determine the rotation direction.

H-14. These general features, then, can be used
to determine the type of bending, loading applied,
and, qualitatively, the stress level and presence or
absence of stress concentrations. If the cross sec-
tion under consideration differs widely from a
symmetrical section, the actual significance of

the markings as related to stress level and stress
concentrations may be somewhat altered, but, in
general the same reasoning still applies.

H-15. TENSION FATIGUE. Because of initial

eccentricttisc in a n
<

loading, pure tension loading as such rarely occu
in service. Usually some amount of bending ac- ~
companies tension on axial loading. However,
enough fatigue failures under prédominantly axial
loading do- occur in service to. warrant learning t{‘
how to distinguish these failures from bending ‘%\
and torsional failures. Tension fatigue failures
can generally be recognized by the mannerin
whicir the crack ‘has progressed into ilie part. Parals
lel or constant curvature stop markings are char-
acteristic of fatigue failures resulting from straight
tension loading. As in bending fatigue failures,
the relative size of the fatigue zone and the in-
stanianeous zone can be used as a measure of the
stress level which produced the failure.

H-16. TORSION FATIGUE. Torsion fatigue
failures occur in either of two basic modes:

(1) helical, at approximately forty-five degrees to
the axis of the shaft, along the plane of maximum
tension, or (2) longitudinal or transverse to the
axis of the shaft, along the planes of maximum
shear. Fatigue stop markings may not always be
found on the fracture, and secondary means suc’
as absence of ductility and observing the angle \\“
the failure plane must often be used to identify
failures of this type. Transverse fractures are fre-
quently very smooth from the rubbing of the two
halves of the fracture before final separation and
this characteristic can be used to isolate this type.
In many service torsion fatigue failures, the initial
crack will start in onc planc and then slip off
into another. Helical fractures generally occur
when stress concentrations are present, while
longitudinal or transverse fractures usually indi-
cate the absence of stress concentrations. In
searching out torsion fatigue failures, the investi-
gator is usually aided by the knowledge that tor-
sion loading is present in the service application.
In this regard, torsion fatigue should be suspected
wilen examining faiiures of crankshafis, turbine
shafts, compressor drive shafts, flap drive torque
tubes, coil springs, splined shaft members, etc.
Figure H-5 presents in the various ways in whic
torsion fatigue failures are found in service.

H-17. STATIC FAILURES.

H-18  For the purnose of this
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Figure H-3. Two-Way Bending Fatigue

failure is defined as a failure resuiting from one
ar 3 small number of load applications. The
failure is characterized by permanent distortion
or rupture of the member as a result of stresses
‘n excess of the yield point of the material. This
.ype of failure can be recognized by yiclding over
a considerable portion of the member in the re-
gion of the failure. This phenomenon is com-
monly referred to as necking in the failure of a
conventional tensile-test specimen.

H-19. OCCURRENCE. Static tailure will occur
when loads in excess of the design loads are im-
posed on the aircraft or some component of the
aircraft. In flight, this can happen when the air-
craft is maneuvered too severely or at too high a
speed. In landing or on the ground, this can oc-
cur when the aircraft is landed too hard or when
the aircraft is taxied over an obstruction. The
damage that results when an aircraft strikes the
ground is of the static type, with impact loading
being an important consideration.
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Figure H4. Rotary Bending Fatigue

H-20. RECOGNITION OF STATIC FAILURES.
The yielding or necking effect found in most metal
fractures is an indication of a static type of fail-

ure. Detailed examination of the deformation
will disclose indications of the tvpe of loading
(bending, tension, etc.) and the direction of load-
ing {see figure H-6). In most cases, the two halves
of the fracture will mate with one another or can

be recognized as a pair.

H-21. TENSILE FAILURE. In a tensile failure,
the fractured surface is usually made up of a
series of planes inclined approximately forty-five
to sixty degrees to the direction of loading. Ina
thin part, such as sheet metal, there may be only
one such inclined plane. Considerable local defor-
mation or necking with a reduction of cross-
sectional area is also generally evident. If the
fracture is pure tension alone, the two halves of
the fracture will part cleanly and there will be no
evidence of rubbing.

H-22. Tensile tearing occurs when the sheet tears

under tensile forces in the plane of the sheet or
member. This type of fracture is quite common.

H-6

Examination of the fracture will disclose “herrin, .
bone™” marks with the head of the herringbone
pointing back to the origin of the tear.

H-22, COMPRESSION FAILURF. Compression
failures occur in two general forms block com-
pression and buckling. Block compression is gen-
erally found in heavy short sections, whereas
buckling is found in long, lighter sections. When
buckling occurs locally, it is referred to as cripp-
ling. When it occurs in such a way that the whole
piece buckles, it is referred to as column buck-
ling. Local buckling and column buckling are
easily recognized since the part in all cases is bent
from its original shape (see figure H-7). In block
compression failures, the piece separates on ob-
lique planes as in tension, except that there is
rubbing of the two halves of the fracture during
separation. In addition, in some materials there
is a local increase in cross-sectional area where
the material has yielded.

H-24. RENDING FAILURE. Bending is resisted
by tentile forces on one side of the member and
by compression on the opposite side. The appear-
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Figure H-5. Typical Torsion Fatigue Failures

ance of the fracture in the respective areas is as
outlined under tension and compression. The di-
rection of the bending moment causing failure
can always be determined from local distortion

in the fraciure area. As the part finally separates,
lipped cdges may be found on the inside or com-
pression face of the fracture (see figure H-8). This
lipping occurs because after the initial tensile fail-
ure, the final failure on the compression side may
be in shear rather than in compression.

H-25. SHEAR FAILURE. As in compression
failures, shear failures can occur in two distinct
ways—biock shear and shear buckiing. In the for-
mer type of failure, the two halves of the fracture
will slide across the other and the fracture will
appear rubbed, polished, or scored. The direction
of scoring will give a clue to the direction of the
applied shearing force. Shear buckling generally
occurs in thin sheet metal such as a wing skin or
spar webs. The sheet will buckle in a diagonal
fashion and the direction of force application can
he told from the appearance of the buckle (see

figure H-9). When rivets, screws, or bolts fail in
shear, it is usually accompanied by elongation of
the hole and there will appear behind the rivet a
new moon or crescent shape open space. This
result can be used to determine the direction of
the shearing force.

H-26. Shear failures in sheet metal, and occa-
sionally in heavier sections, generally are in the
form of shear tearing. Shear tearing occurs when
the applied forces are acting out of the plane of
the sheet. These failures are characterized by a
lipping of material on the edges of the sheet and
by scoring lincs on the fractured surface. The
concavity of the scoring can be used to tell the
direction of tearing. The direction of tearing is
from convex to concave. Sometimes if there is a
heavy paint film, the saw-toothed breaking of the
paint film can be used to tell the direction of
tearing.

H-27. TORSION FAILURE. Since torsion is a
form of shear, the failure from torsion overload

H-7
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Figure H6. Static Failures
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Figure H-8. Bending Failure

—
will be somewhat similar to the shear failure. Evi-
dence of the direction of torque can be seen on
the fractured surface by observing the scoring

~ marks. Most parts retain a permancnt twist and
this can be used as an indication. in tubing nem-

NAVAIR 00-80T-67

bers or a large open section like the wing, torsion
failures often occur as instability failures in a
buckiing manner. Again the dircction of twist
can be determined by close examination of the
buckle (see figure H-10).

H-28. IMPACT LOADING.

H-29. Impact loading may be considered as a
special case of static loading where the speed of
load applications attects the magnitude of ile
load. Unusually high forces can be developed
under impact loading. Materials which fail in a
ductile manner under normal static loading can
be made to fail in a brittle manner if the rate of
loading is high enough. It should be remembered
that even when an aircraft strikes the ground at
high speed, because of elasticity in the aircraft
structure and the load absorbing characteristics of

H-9
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H.30. CORROSION.

Figure H-10. Typical Torsion Fractures

i

1
sidenibly lower than the actuab-impact rate. Paff -
that fail under impact Toading exhibit thec same=" b
characteristics.as parts that fail under normal ~ -
static Toading except that there is’ gene'ri]i“ an.

absence of necking, and the fractures-are morgﬁi%
pronounced.

H-31. A compléte discussion of corrosion in
metals is contained in the Aviation Safety Officer’s.
Guide.
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APPENDIX L.

AIRCRAFT FLUIDS AND FLUID LINES

I-1.  IDENTIFICATION COLORS OF
AIRCRAFT FLUIDS.
»_l-z. FUELS. Colors which apply to the types
’ *f fuel currently in use by the U.S. Navy are as
. Jollows:
I.Jet fuel (allgrades) . . . . . . . Green

2. 80-87 octane aviation gasoline. . . Red
3. 91-96 octane aviation gasoline. . . Blue

4. 100-130 octane aviation gasoline . . Green

5. 115-145 octane aviation gasoline . . Purple

1-3. HYDRAULIC FLUID. All hydraulic fluids
currently in use in naval aircraft are red in color.

1-4.  LUBRICATING OIL. Lubricating oils
used in naval aircraft are amber in color.

I-5.  FLUID LINE IDENTIFICATION.

I-6.  Identification symbols and colors for fluid
iincs and other inieinal plumbing are shownin

figure I-1.
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PURPOSE

COLORS

SYMBOL

Rocket Oxidizer

Green and grey

I AAY I A

Rocket Catalyst

Yellow and green

3

Rocket Fuel

Red and grey

FRNIIVNAN)

Fuel

Red

ata ettt et ta O

Water Injection

Red, grey, red

Lubrication

Yellow

pUpOgOgd|

Hydraulic

Blve and yellow

Q0000 00]

Compressed Gas

Orange

I

Instrument Air

Orange and grey

r3

NAYAYAYAYAYAY A

Coolant

(UL LD I Y

Breathing Oxygen

Green

oooouoooud)

Air Condition

Brown and grey

Fire Protection

Brown

De-lcing

Grey

DODDDD DD

Pneumatic

Orange and blue

C OO OO

Electrical Conduit

Brown and orange

/W%VA%QOVL¢

Warning Symbol

HHRHARE

Figure I-1. Fluid Line Identification

.
e

TRRIRERRRE] | =




\,

N

APPENDIX J.

PROPERTIES OF AIRCRAFT STRUCTURAL MATERIALS

J-1. GENERAL.

J-2. It is essential that the investigator be fa-

. gtiliar with some of the properties of materials
_dsed in aircraft construction. It is often possible

to determine the operating temperaturc of an en-
gine or the intensity of a fire by examination of
metals or other materials in the affected area.

J-3. PROPERTIES OF METALS.

J-4. MELTING POINT. Table J-1 lists the
melting points of common aircraft metals and
alloys. Correlation of evidence from several types
of metals may be required to produce reliable
temperature determinations.

J-5. DISCOLORATION. At temperatures be-
low the melting point, some metals exhibit
changes in color which are reliable indicators of
the temperatures to which they were subjected.
\ few cxamples are listed below. The Naval
afety Center is a source of more complete in-
formation and technical assistance in this area.

1. Stainless steel starts to discolor at
800-900°F, from tan, to light blue, to bright

—“blue, to black with increasing temperature.

Table J-1. Melting Points of Metals

MATERIAL

MELTING RANGE (°F)

Aluminum 2024
Aluminum 7075
Aluminum 7178
Brass

Cadmium

NAannar
RS2 4H

Chromium

Iron

Lead

Magnesium alloys
Manganese
Mercury
Molybdenum
Nickell

Seleniuim

Silicon

Silver

Stainless Steel 321
Stainless Steel 4340
Tin

Titanium
Titanium alloys
Tungsten
Vanadium

935-1180
890-1180
890-1165
1600-2000
609
1981-2000
3430

2802

621
1202-1250
2273

-37.9

4760

2651
A48

Tl

2605

1760
2550-2600
2740

449
3000-3040
2820-3000
6170

3150

|
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J-6.

J-7.
tions for aircraft paints vary according to the

paint system utilized; however, table J-2 can be
used as a rule of thumb for most paint systems.

~

500°F.

3. Titanium discolors from tan, to -light

blue, to-dark blue, to-grey, and begins to form a
scale. at about 1100°F Titanium becomes. brittle

when overheated 1600-1700°F for four to five
minutes.

PROPERTIES OF OTHER MATERIALS.

AIRCRAFT PAINT. Temperature indica-

AIRCRAFT FLUIDS. Flash points and

auto-ignition temperatures of common aircraft
fluids are shown in table J-3.

Table J-2. Heat Charactaristics of Typical
Aircraft Paints

TEMPERATURE (°F) INDICATION
400 Paint softens
450 Discoloration begins, paint
starts to tan
500 Brown
600 Dark Brown
700 Black
800-850 Paint blisters

900-950

Paint burns off completely.

2. Cadmium plating starts to discolor at

J-9.  MISCELLANEOUS MATERIALS. Other

useful properties of aircraft matetials are as
follows:

1. Glass cloth fuses at 1200°F.,

2. Neoprene rubber blisters at 500°F, ¥ame. '

3. Silicorie rubbe

r ‘blisters at 7060°F.

4. Outer braid of wire bundles deterior-

ates and becomes brittle at about 500°F.

5. Teflon insulation inner liner melts at

630°F.

6. Nylon spaghetti melts at 250-350°F.

Table J-3. Properties of Aircraft Fluids

FLUID FLASH AUTO-IGNITION
POINT (°F) TEMP (°F) N
Fuels
jp4 -60 484
JP-5 440 to 475
AVGAS -75 to -85 825 to 960
Engine Oil
MIL-L-7808 400 1000 R
MIL-L-23699 450 1000
Hydraulic Fluid
MIL-H-5606B 200 648 -

EE R
)
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APPENDIX K.
REFERENCES

K-1. The following directives and publications
contain additional information which may be use-
ful to the investigator in some facet of the
investigation.

1. OPNAVINST P-3750.6H, Navy Air-
craft Accident, Incident, Flight Hazard and Forced
Landing Reporting Procedure.

2. OPNAVINST 4790.2A, The Naval
Aviation Maintenance Program.

3. BuAer INST NAVAER 0099A.

4. BuAer INST NAVAER 00.58B, Naval
Aeronautical Material Reliability Program, Respon-
sibilities and Procedures Concerning.

5. BuAer INST 11012.1, Air Station
Planning Standards.

6. NAVAER 00-80C-501, Procedures
for Aircraft Crash Fire Fighting and Rescue.

7. BuMed INST 6200.1, Armed Forces
Medical Laboratory Facilities.

8. BuMed INST 3750.1, Aircraft Acci-
dent Boards, Responsibilities of Medical Officers
Assigned as Members.

9. BuMed INST 6510.4A, Carbon Monox-
ide, Concentration of in Aviation Personnel; deter-
mination of,

10. BuMed INST 6410.1B, Ejection Seat
Training, 6-EQ-2A, 6-EQ-2B, 6-EQ-2C, use of.

11. NAVMED P-5083, Methods for Pre-
paring Pathological Specimens for Storage and
Shipment.

i2. NAVYMED P-5065, Autopsy Manual.

13. BUMEDINST 5360.1, Decedent Af-
fairs Manual.

14. U. S. Navy Flight Surgeon’s Manual.

15. Naval Aviation Safety Officer’s Course
Texts, U.S. Naval Post-Graduate School, Monterey,
California.

16. Aviation Crash Injury Research of
Comell University, Sky Harbor Airport, Phoenix,
Arizona.

17. Techhical order 1-58 dated 7 Febru-
ary 1958.

18. USAF Aircraft Investigator’s Hand-
book, AFM 62-5.




19. International Civil Aviation Organi- Fractures™ from “Why Machine
zation, Manual .of Aircraft Accident Invectigation. Parts Fail” is. used. by permission.

- —n——a

{Doe 6920:AN/855), Fourth Fdition-1970.

21, “Aitplane Acrodynamics”, Dommasch,
20. “Why Machine Parts Fail”, Penton- Sherby, and-Connelly; Pitman: Publishing Corpor-ge==. i
1

Publishing Co., 1951. ation, 1961.

77. Aerodynamics for Naval Aviators,
NOTE NAVAIK 0680780, 1965. -

Figure H-10, “Typical Torsion 23. Aviation Safety Officer’s Guide.
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